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ABSTRACT

The small inexpensive Petite Amateur Navy SATellite (PANSAT) is the Naval
Postgraduate School (NPS) Space Systems Academic Group’'s first expericnce with
real-time space operations. Propelled by the success of PANSAT, NPS will follow this
project with more complex space svstems such as ORION. This thesis discusses the
general and specific design considerations and constraints encountered during the design
of PANSAT, along with providing descriptions of the satellitc’s vanious subsystems. The
study also addresses the problems and procedures associated with obtaining a
license, frequency assignment for PANSAT. Three viable licensing options, an amateur,
a military and an experimental option are presented. The thesis also includes a detailed
decription of the national and international frequency regulatory agencics, for better
understanding of the licensing procedures.
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1. INTRODUCTION

The purpose of this study is to address the various design considerations associated
with the development of the Naval Postgraduate School’'s (NPS) Petite Amateur Navy
SATellite (PANSAT). In addition, the thesis presents the options available {or obtain-
ing a frequency channel for the satellite.

PANSAT is a small communications satcllite intended for low earth orbit oper-
ations. The system is presently being designed and constructed by NPS’s Space System

Academic Group. The objectives of the satellite program are threefold:

I. To provide NPS students with educational hands-on expericnce in the design, dec-
velopment and operation of a low cost amateur satellite.

2. To provide the amateur radio community the opportunity to work with spread
spectrum communications in a real time or store and forward mode. PANSAT is
classificd as an amateur platform. This allows PANSAT legitimate access to the
amateur UHF frequency band for communications, experimentation and tclemetry.

3. To pruvide a space-based platform from which NPS faculty and students can con-
duct small on-orbit experiments which conform to weight, space and power re-
strictions.

Figure 1 is a pictorial rcpresentation of PANSAT's objectives [Ref. 1].

The specific objectives of this thesis are to: (1) List the options which are available
when licensing a satellitc and to provide guidance as to the actions required to be
undertaken to complete the process; and (2) Present topics which should be addressed
when designing satellite systems, using PANSAT as a guideline.

The discussion of design considerations for PANSAT's systems are separated into
two sets, the spacecraft bus and its payload. The spacecraft’s bus is comprised of the

. computer, electrical power, structure and thermal control systems. PANSAT's payload
consists of the communications system and the experimental systems, currently made
up of a solar cell experiment with other possible experiments being discussed. PANSAT
is a simple satellite which weighs approximately 150 lbs. As such, there is no attitude
controi, propulsion or active thermal control systems. The spacecraft will randomly
tumble after its ejection from the Get-Awav-Special (GAS). canister on a future shuttle

flight. Because there is no attitude control, the communications antenna is isotropic.
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Figure 1. PANSAT objectives

The modulation of the communications signal is accomplished using Di-Phase-Shift-Key
(BPSK) dircct sequence spread spectrum. The design life for the satellite is two vears.
PANSAT's estimated cost is $500,000 to S800,000. Although PANSAT is designed for
a GAS canister launch, the possibility of other launch vehicles, such as Ariane, is not
ruled out. The intended orbital altitude is 480 km at an inclination of 28.5°. Figure 2
shows PANSAT's configuration [Ref. 1].

To understand the processes involved with licensing a satellite, specific descriptions

of the organizations involv:d, namely the Federal Communications Commissivn (FCU),

9
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Figure 2. PANSAT configuration

National Telecommunications and Information Administration (NTIA) and the Inter-
national Telecommunications Union (ITU), are included in the thesis. There are three
licensing methods available to a satellite such as PANSAT. They are through amatcur,
governniental or experimental channels. Each method is discussed in detail, to include

their respective advantages and drawbacks. This study provides guidelines for actions

required to license and coniains copies of the appropriate forms to complete.




II. GENERAL DESIGN CONSIDERATIONS FOR SATELLITES

This chapter discusses some of the support activities required *+hen constructing a
satellite and presents some general design considerations which would apply to the de-

sign of any type of spacecraft.

A. SUPPORT ACTIVITIES

The development and construction of a satellite can be a very complex process.
Many perceive building a satellite as simply putting togethef technical components such
that they form a working unit. The satellite is the end product of a massive effort by
many people performing widely varving and seemingly unrelated tasks. [t is into these
supporting tasks that most of the work effort must go in order to realize the final oper-
ational flight unit. As an example of the supporting activities which are required to
construct a satellite, the following is a partial list of such activities necded to build and
operate a Radio Amateur Satellite Corporation (AMSAT) Orbiting Satellite Carrying

Amateur Radio (OSCAR) satellite [Ref. 2: p. 13-1}:
Design of flight hardware.

Construction of flight hardware.

Testing of {light hardware.

Finished drafting.

Ll T I

Interfacing with launch ayency.

a. Provide documentation related to satellite-rocket interface.
b. Provide safety related ducumentation. .

6. ldentifving and procuring future launches.

7. Construction management.

a. Parts procurement.

b. Arrange overall timetable and deadlincs.

¢. Monitor progress of all subgroups.
d

. Allocating available resources (financial and human).



e. Locating volunteers with special expertise.
8. Create launch information nets.
9. Provide user information.
a. “Orbit” magazine production.
b. Amateur Satellite Report newsletter production.
¢. Weekly AMSAT nets and information broadcasts via satellite.
d. Respond to requests for information.
e. Produce information programs (slide shows, videotapes).
f. Facilitating magazine article and book production.
g. Supprrting educational programs.
10. Fund raising.
11. Coordination with international AMSAT afliliates.
12. Technical studics focusing on future spacecraft design.
13. Launch operations.
a. Travel to launch site.
b. Ship satellite to launch site.
¢. Conncct satellite to launch vehicle.
d. Final checks.
14. Create command station network.
15. Misccllaneous needs.
a. Insurance?
b. Licensing.
¢. Procurement contracts.
d. Corporation papers.
16. Financial management.
a. Overseeing record keeping.
b. Auditing as required.
¢. Estimate future needs and cash-flow situation.
17. Maintain historical records.
a. Telemetry and general.

18. Construction of test equipment and special test facilities.



As seen from this partial list, satellite production can get very involved. These are only
some of the support activities required to produce an amateur satellitc. By their very
nature, amateur beauracratic requirements arc fewer than for a commercial or military
satellite. With a commercial or military satellite, additions to the above list would far
outpace any subtractions.

B. DESIGN CONSIDERATIONS

The design of a satellite is a complex and always changing process. So what are the
general design considerations to think about? The first requirement is to decide what the
spacecraft is supposed to do. What is its mission? Agrawal lists six requirements a
spacecraft must meet to support the mission {Ref. 3:p. 31}

1. Provide support to equipment in a layout that minimizes signal losses and inter-
connections.

Provide the required electrical power within specified voltage tolerances.

Provide temperature control within the limits imposed by satellite equipment.

Keep the spacecraft attitude within allowable limits.

Provide telemetry and command services to permit ground monitoring.

- SRV IR N RS

.

Provide support to the total mass with adequate stiflness, alignment, and dimen-
sional stability.
Once the mission is established, some of the general design considerations to be
addressed arc performance, component availability, safety, cost effectiveness,
afTordability, phvsical limitations, mission requirements and reliability. See figure 3 {Ref.
4: pp. 75-85). The remainder of this chapter addresses cach of these general design
considerations in greater detail.

Once the spacecraft’s mission has been determined, a specific set of mission re-

quirements are compiled. Mission requirements are simply a more detailed explanation
of the general mission. Details such as orbital location, power output, bit rate, fre-
quency band, user capacity and other related factors should be included as mission re-
quirements. Based upon these required capabilities, an outline is produced that will be
filled in by specific system designs.
" Performance is 2 measure of the spacecraft’s ability to complete its missicn eflec-
tively. Is the mission accomplished with easc or is the reaction time too slow? Per-
formance is mainly determined by the quality of the components and how they are
interfaced with each other. The amount of money spent on the technology has a direct
effect on performance.



Component
Availability

% ”‘e.cr.tt

Mission and
Philosophy

Figure 3. Satellite design coasiderations

The physical limitations of a satellite include its size, shape and weight restrictions.
Physical limitations are mostly a function of the launch vehicle to be used. The plan for
PANSAT is to use a Get-Away-Special (GAS) canister on the space shuttle, so
PANSAT's physical dimensions are restricted to what can fit inside a GAS canister
providing the weight and safety restrictions are met, as specified in the Ger-Away-Special
Payloads Safety Manuel. [Ref. 3]

Availability is a measure of the effort required to obtain 2 desired component. How
much lead time is required when procuring a desired component to ensure that it will
be on hand when the installation tiine arrives? With some satellite systems, components
are purchased beforc the first unit of that component series has even been built. This
practice is done to keep the system updated with the most current technology. A major
problem can occu: using this procurement method if there is a delay in the component
construction program. The component delay pushes back the satellite completion date,

all because of the availability consideration.



Reliability measures the expectation that a system will perform its function effec-
tively over a certain period of time. This consideration can be quantified as Mcan-
Time-Between-Failure (MTBF). Again, the money invested affects system reliability.
Were the satellite to be constructed using the cheapest parts available, chances are that
the satellite would not be very reliable. Conversely, to make the satellite extremely reli-
able, the most expensive components should be used and every aspect of the system
should be redundant. A problem with the second route of construction is that the sat-
ellite would certainly overrun its budget constraint. The mission of the satellite must
be considered to determine how reliable the spacecraft needs to be. A spacecraft carry-
ing men, such as the shuttle, needs to be more reliable than a disposable communi-
cations satellite such as CHEAPSAT. The mission determines the middle ground extent
of reliability required. The best way to achieve a high state of reliability is through
testing: '

No systemn can achieve its purpose more reliably than its least reliable component.
For this reason it becomes the job of the engineer to devclop hardware tha: is reli-
able and economical.... Testing is far and away the most important ingredient in the
development of reliable hardware. Testing should be carricd out during every phase

of the development. Time utilized in test programs is worth its weight in reliability
percentages. [Ref. 6: pp. 153-156]

The total svstem reliability is a product of all the individual component reliabilities. 1[
each component had a reliability of 0.999 and there were 100 components in the satellitc,
then the satellite’s overall rchiability would be 0.999'® or about 90%%. To further increasc
reliability, redundancy is utilized, but this increases both satellite cost and weight. [Ref,
4: p. 98]

Cost effectiveness is another important design considcratién-which mceasures how
well money is spent on a satellite. In the world of tightening budgets, when building
satellitcs, one cannot adopt the attitude of creating the best satellite at any cost. Many
values such as worth, probability of success, utility, effectiveness and total cost must be
weighed to produce a cost-cflective satellite design [Ref. 4: p. 8U]. These values can be

defined as follows:



~
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Worth is & composite measure of multiple program objectives and the degree to
which these objectives are met within the assumed structure of the program being
analyzed. Worth may be a decaving functicon of time in the case of a satellite. which
is constantly returning data. Probability of success is detined as the probability that
all required subsystems are functioning properly at a given time. Utility means
usefulness in the sense of satisfving a need. It is considered to be the product of
worth and the probability of success. Effectiveness is considered equivalent ta util-
ity. Cost requires little definition; it may be categorized as consumption of physical
resnurces, employment of human resources, and dissipation of time. {Ref. 7: p. 6]

Going back to the space shuttle versus CHEAPSAT example, the shuttle needs to use
top of the line equipment, based upoh its reusable manned mission. It is morc cost ef-
fective for CHEAPSAT to usc inexpensive components, due to ns relatively short design
life. ‘

AfTordability is also an important design constraint. Affordability addresses the
guestion; Will the user be able tc purchase the satcllite system at the given price based
upon their financial resources and need for the satellite? Bovd, in his thesis, categorized
satellite costs into four groups: Bargain (< S! million), Low Cast (S1-510 million), Me-
dium Cost (510-S100 million) and High Cost (> $100 million). PANSAT falls into the
"Bargain’ group, as illustrated in figure 4. [Ref. 4: p. 78)

The final design constraint considered in this chapter is safety. Safety is making sure
that nobody is injured, on the ground or in space, and that the launch vehicle is not
damagcd as a result of the satellite. Since PANSAT is designed to fly in a GAS canister
on the shuttle, safety is the most important consideration. All of the previously men-
tioned design constraints can be tampered with, ic. sacrifice some reliability for

affordability, but safety is a fixed quantity and cannot be compromised.

C. STAGES OF SATELLITE DESIGN

Now that the general design considerations have been examined, satellite con-
struction from a project manager viewpoint is looked at next. A basic six step method
can be used to simplify the very con;plcx satellite design process. The six steps are [Ref.

2p 132
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Preliminary design.
System specification.

Subsysiem design and construction,

1.
2
3
4. Integration and testing.
5. Launch operations.

6.

Information dissemination and post-launch management.

Each of these stages are now examined in greater detail.

During the preliminary design stage, feasibility studies are performed to determine
the approach to be used when designing the satellite. Elements such as launch oppor-
tunities, satellite mission, new technology and budget are considcred. Agrawal gives the
following reasons for feasibility studies being done during the conceptual design stage:

To determine whether the mission performance requirements can be met within the
mass and size constraints of the launch vehicle. The first step is to select a
spacecraft configuration which provided a general arrangement of the subsvstems.
The mass and powcer requirements of the subsystems are estimated, based upon
preliminary analysis and extrapolation of existing designs. [Ref. 3: p. 4]

Before terminating the preliminary design stage and progressing on to the next stage,
the decision must be made to actually build the satellite. Once this decision is made, the
system specification -stage begins. The end product of the system specification stage are
the specific subsystem requirements.

| Once the subsystem requirements are defined, the next stage is the subsystem design
and fabrication stage. In this stage, the individual satellite subsvstems are designed,
constructed, tested and modificd as merited. Each subsystem of PANSAT is being de-
signed and built by an individual or small group of thesis students at NPS. In general,
with each of the systems, three versions of the systcm are constructed. First, an engi-
neering developmentlmode!, then a flight prototype and finally the actual {light unit are
built. The engincering devcldpmem model] is the first attempt, using less expensive
components. The flight unit is the actual system which is interfaced into the satellite.
The flight unit uses the best and most reliable parts on-hand. | Testing performed in this

stage consists of temperature variation tests and over-and-under voltage tests. The

11
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purpose is to locate potential failure points and then modify the design to correct these
weak spots.[Ref. 2: p. 13-2]

The satellite now passes into the integration and testing stage. Intcgratior. involves
putting all the systems together such that a fully operational flight unit results. The
testing portion of this stage puts the complete unit through vigorous tests to increase
overall systera reliability. Despite the high cost of testing, many designers believe this
is thé most important aspect of satellite development. Agrawal describes the testing

process as follows [Ref. 3: p. 4):

The spacecraft design is qualified at the subsystem and system levels by conducting
performance, thermal and vibrational tests. Units that do not meet the performance
requirements during the tests are redesigned and retested.  After successful com-
rletion of the qualification tests, the spacecraft design is finalized and the required
number of spacecraft are fabricated. The flight spacecraft are subjected to accept-
ance tests to determine manufacturing and assembly defects.

During the intcgration and testing phase, the completed flight unit goes through a
barrage of tests including stress tests, opcrational checks, electrical tests and RF com-
patibility tests. The satellite undergoes a burn-in period for the electrical components,
in which the clectronic systems operate at norinal parameters and space temperatures,
but under the earth’s atmospheric pressure. Other stress tests include the environmental
tests in which the satellite is operated in a vacuum and temperatures are varied over a
wide range, roughly -20 °C to 60 °C. The purpose of the vacuum test is to (1) check for
material sublimation; (2) test for corona discharge; and (3) check the interior thermal
environment under operational conditions [Ref. 2: p. 13-3]. Another type of stress test
is the vibrational test. During this test, vibrational launch conditions are simulated to
ensure that the satellite will not fall apart during launch and orbital insertion.

A typical failure curve for mechanical and electrical components of a satellite is
presented as figure § [Rcf.‘ 2: p. 13-3]. Besides searching for potential failure points on

the satcllite, testing is also pushing the satellite along that component failure curve until

12
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the satellite is past the initial failure hump, depicted in figure 5. By using high temper-
atures and overvoltages, the time scale is comnpressed such that the initial failure hump
may be passed in a couple of weeks, vic§ months or years. [Ref. 2: p. 13-3}

After successfully completing all of thesc tests, the satellite moves into the next de-
velopment stage, the launch operations. Launch operations include the transport of the
satellite to the launch facility, attaching the satellite to the launch vehicle, performing
final operational checks and the actual launch. Prior to actual launch operations, many
supporting activities must have been performed in such areas as logistics, procurement,
licensing, scheduling and coordination.

The project does not end with the launch. Information dissemination and post-

launch management is the final phase. Ground stations must have been constructed to

control the satellite. Information about the satellite must be passed on to the users.

Satellite data must be collected and evaluated. Records are required to be maintained
describing transmission parameters.

The time period from project inception to launch is highly variable. [t depends on
many factors such as budget constraints, human resource constraints, design complaxity,
quality of the initial design, workspace availability, case of coordination, availability of
testing facilities, launch opportunities and many others. For a project such as PANSAT.
three to five years is a good estimate. As a comparative example of a similar type of
spacecraft, figure 6 [Ref. 2: p. 13-2] shows a typical time frame for an AMSAT satellite
project.

This chapter has provided several broad design considerations, constraints which
need to be addressed throughout the design and construction of the spacecraft. Al-
though PANSAT is a relatively simple satellite, the same design process is used and the
same design considerations arise with any satellite constrﬁx{:tioh project. PANSAT re-

quires designs for the following systems:
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Experimental payload.
3. Computer. |
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5. Structure.
6.
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The next two chapters describe PANSAT's design for the aforementioned systems and

address specific design considerations. constraints as they apply to this satellite.
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III. SPACECRAFT BUS DESIGN

PANSAT's bus consists of the structural, data processor and sequencer, thermal
control, and electrical power systems. This chapter describes each system as currently

designed and presents design considerations and constrictions for the individual systems.

A. STRUCTURAL SUBSYSTEM

A spacecraft’s structural system is basically the frame which holds all the separate
systems together. The structural system is composed of constructional hardware such
és beams, plates, housings, brackets, braces, attachment fittings, structural fasteners an
other metallic and nonmetallic elements which comprise the satellite’s basic frame.
Some of the functions of the structural system include: (1) to physically support the ap-
tennas, solar cells, and all internal components; (2) to provide protecuon foy the on-
board components during launch and when deploved; (3) to mate with the launch
vehicle; and (4) to conduct thermal energy into and out of the satellite’s interior. The
shape of the satellite has a major effect on the electrical power system by influencing the
efficiency of the solar cells. Spacecraft shape also effects the thermal control of a sat-
ellite, because shape is the dominant determinant of thermal equilibrium [Rel. 2: p.
12-7).

The structufal hardware, through the course of its lifctime, absorbs energy from its
environment in the form of stresses and heat. The absorbed energy can weaken the
molecular structure the components, which couid resuit 1n structural failure [Ref. 5: p.
163). When structural failure occurs, the satellite, as an operational unit, is in severe
jeopardy. It is important, therefore, that the structural system design be a sound one.

NPS had decided to design the satcllite to be launched in a Get-Away-Special (GAS)

canister during a space shuttjc launch. A NASA photograph of a GAS canister, as
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GAS canister mounted on space shuttle (NASA Photograph)

Figure 7.

17




mounted in a space shuttle, is presented as figure 7. Since a shuttle flight is always a
manned launch, safetv considerations are much more intense than they would be for an
unmanned rocket. By designing PANSAT for the more stringent GAS specifications,
NPS has retained the option of utilizing an unmanned launch vehicle such as Ariane or
Pegasus. Had NPS designed for an unmanned launch vehicle, PANSAT would not have
met GAS specifications and the shuttle option would not exist. The main disadvantage
of the shitle option is the 28° inclination limitation (due to not launching over popu-
lated land masses) resulting from a Cape Kenredy launch. A launch of an unmanned
vehiclz from either Vandenberg Air Force Base in Lompoc, Ca. or Kourov, French
Guyana, South America, could put PANSAT into an orbit with a much higher inclina-
tion. A higher inclination would be favorable to the solar cell experiment, and would
increase the communication time window per orbital pass.

When designing to GAS specifications. the major concerns to the structural system
are corrosion and failure under stress. The worry is that the failures will cause the
structural elements to become projectiles. The two types of failurcs are brittle failures
and elastic deformation. Brittle failures are more important for safetv considerations.
In m~tals, brittle failures are caused by hydrogen embrittlement, structural fatigue and
stress corrosion. Stress corrosion is the most prevalent type of failure with acrospace
vehicles [Ref. §: p. 165]. An additional hazard is that some matcrials, when exposed to
the space environment, give ofl gasses which may be damaging to surrounding equip-
ment.

Before PANSAT can be approved for flight aboard the shuttle, detailed testing is
required to verify the satcllite’s structural integrity. Re_quircd analysis includes a static
stress analysis and a fundamental vibration frequency analysis [Ref. 5: p. 166]. GAS
specifications require that PANSAT be able to withstand loads of +9 g’s of translational

accelerations in the X-Y directions and +£13 g's in the Z direction [Ref. § p. A5} The
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GAS canister weight limit for a pavload is 200 Ibs [Ref. 5: p. 11]. These load and weight
limits consider that the structure must be able to survive loads incurred during a crash
landing. The prescnt PANSAT structure design was analyzed using GIFTS interactive
software. The finite element analysis showed that structural deflections remained in the
linear regime. The modal frequency analysis was favorable as well. {Ref. 8: pp. 8-9]
When deéigning the satellite structural system, some of the specific design consider-
ations 10 reduce stress concentration and avoid structural failure should be [Ref. 5: pp.

166-167}):

1. Use multiple i>ad path structure when possible.

2. Make gradur.i changes in sections and symmctry of design.

3. Minimize the number of cutouts and discontinuities in primary elements,
4. Design for peak stress vice the avérage stress.
5

. Avoid attachment of secondary brackets, fittings, handles, steps and hoses to high
stress areas.

6. Avoid the usc of rivets to carry repeated tensile loads.
7. Eliminate sharp edges for personnel safety and to reduce stress concentrations.

8. Sclect fastencrs of sufficient size and proper material to carry design loads and im-
pose proper pressure on joints through pretension.

9. Provide allowances for distortions and stresses resulting from thermal expansion
and contraction of the spacc temperaturcs.
Additionally, the structural decsign must take into account the loads the satcllite will
incur during ground transportation and while being attached to the launch vehicle.

The choice of the material of which the structural elements are composed is an im-
portant decision. PANSAT'’s structural system is composed of aluminum 6061-T6 [Ref.
8: p. 8. When using aluminum alloys, the metal should be either coated or chemically
treated to reduce corrosion and pitting, or the metal should be an alloy with tempers
having high resistance to stress-corrosion cracking [Ref. 5: p. 167]. The environments
in which the satellite will be found should also eflect material selection. For a shuttle
launch, the satellite will have to sit in the ocean salt-air of the Florida environment for
some time. It will also have to endurc chemicals used for cleaning and rinsing, in-
spection fluids, marking inks, cravons, lubricants, machining fluids and testing fluids, as
there is a reasonable chance that the satellite will be exposed to these substances prior
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to launch [Ref. 5: pp. 168-169]. The design should also obviously consider the space
environment.

Figure 8 shows the overall design for the structural system of PANSAT, including
the placement of the communications module, the experimental payload, the battery
packs, the computer and the power module [Ref. 1). In three dimensions, PANSAT is
shaped as a 26 sided polyhedron comprised of eighteen 3.307 inch by 7.244 inch square
sides and eight 3.307 inches sided equilateral triangles. Central to the design are the two
equipment plates, shown in figure 9 [Ref. 1]. The volume allowed by a GAS canister is
roughly a satellite 19 inches in diameter and 19 inches in length. Hence, the diameter
of PANSAT's equipment plates are limited to 18.62 inches.  PANSAT will be positioned
in a GAS canister as shown in figure 10 [Ref. 4: p. 114]. Figure 11 shows the dimensions
for the *wo end blocks, which go on the top and bottom of the satellite when oriented
as in figure 8 [Ref. 1]. The lower end plate is mated to the pusher plate of the ejection
mechanism in the bottom of the GAS canister. Figure 12 shows the dimension for onc
of eight diagonal support structures [Ref. 1]. The support structures are the diagonal
beams with the ends shcared at 45° in figure 8. Figure 13 depicts one of the satellite’s
four plate supports [Ref. 1]. In figure 8, the plate support is the plate in the center of
the satellite. The communications module and experimental payload sit on the radially
outward face of the upper equipment plate. The computer and power conditioning
module are located on the outward side of the lower equipment plate. Two dipole an-
tennas are mounted between opposite diagonal support structures. Most of the exterior
surface of the structure is covered with solar cells.
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Each of PANSAT's systems has been designed as a2 module. This makes it easier to
test equipment as a separate system versus an integrated unit. It also simplifies the de-
sign and construction of the satellite. The polyhedronal structure, which is built around
the two equipment plates, is a semi-monocoque structure. This type of structure is
known for being structurally sturdy. It also maximizes the area which can be utilized for
the placement of solar cells. Additionally, it is a good design from the thermal equilib-
rium viewpoint, a good characteristic to have for a tumbling satellite with only passive
thermal control measures. Computer models of this structure have met GAS specifica-
tions, however, the actual flight unit has not yet been constructed. When it is com-
pleted, it will be required to pass a battery of tests before being approved as a shuttle
payload.

B. DATA PROCESSOR AND SEQUENCER SUBSYSTEM

PANSAT's computer or Data Processor and Sequencer system (DP&S), is required
to interface with all other systems of the satellite, to include the power, structure, com-
munications, and experimental systems. Figure 14 provides a pictorial representation
of the DP&S interiaces {Ref. 9: p. 10].

The DP&S system must support the missions of PANSAT as discussed in chapter

‘onc. The four gencral tasks assigned to the processor are communications, house-

keeping, telemetry and command execution [Ref. 9: p. 16 More specific functions
which support the general tasks include {Ref. 9: p. 6]
I. Respond to a ground station interrogation.

2. Receive messages from the communications system, store the massages and trans-
mit the messages when ordered.

. Maintain positive control of the satellite transmitter as required by FCC rules.
Control communications between the satellite and the ground stations.

Power management and battery charging.

Generate and format status messages.

Receive, decode and execute ground station commands.

. Fault detection and recovery.

© MW N L b W

Update programming.
10. Store and dump telemetry data when requested.

In addition to the requirement to fulfil these tasks are the design issues of com-
monality, upward compatability and a real time clock. Comumonality means using a
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processor which is easily accessible and presently has a large number of users. Specif-
ically, N\PS should already possess and utilize this processor. Upward compatability
means the DP&S system should be capable of being installed on a more complex satellite
and perform cffectively. PANSAT is merely a stepping stone for NPS to get invoived
with more advanced satellite systems. Effort and capital is conserved by designing a
DP&S system for PANSAT which could be placed in the more complex ORION satel-

lite, thus negating the need to design a new system from scratch. Finally, a real time
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clock is required on-board to initiate prescheduled processor events at specific times.
(Ref. 8: p. 3}

Besides the need to support PANSAT's many functions, several design constraints
had to be considered before detailed DP&S design could commence. Consideration went
into power constraints, size and volume constraints, budget constraints, vibrational du-
rability constraints and environmental constraints.

PANSAT's power system consists of an array of 544 4 cm by 2 cm solar cells cov-
ering the satellite’s external surface. The solar cells charge 12 2.1 volt, § amp-hr, lead-
acid batteries. The batteries and solar cells provide a 12 volt unregulated bus. Most of
the power is aliotted to the communications system. The DP&S system is constrained

by the amount of power allocated to it in the spacccraft‘s.ppwcr budget. As the satellite
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ages in orbit, the power system degrades. The result is reduced available power. The
DP&S svstem should be designed to operate in degraded conditions.

PANSAT has to be a small satellite in order to be compatible with a GAS canister.
Since PANSAT is so small, the volume allowed the DP&S system also must be re-
stricted. Figure 15 shows the dimensional envelope to which PANSAT's processor is
constricted. The weight constraint is not anticipated to be a problem.

The DP&S system must be designed to operate in the environment associated with
a low-earth-orbit. The system must perform in a vacuum with temperatures ranging
anvwhere from -160°C to 100°C [Ref. §: p. 65]. The satellite operates completely out
of the earth’s atmosphere and will absorb more solar radiation than if protected by the
atmosphere. For this reason, and to afford additional prbtcction should the satellite
operate in the Van Allen radiation belts, it is desirable to use radiation hardened com-

ponents in the DP&S syvstem. Radiation hardened components also protect against
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Figure 13. PANSAT plate supports

Single Event Upsets (SEUs), which are caused by energetic particles penctrating the
satellite exterior and depositing energy into an interior circuit board chip, causing an
electronic hiccup. An additional environmental constraint is geographical in nature,
Because of the 28.5° inclination shuttle limitation, the satellite will have the ground sta-
tion at NPS in line-of-sight for less than ten minutes per orbit. Data can only be ex-
changed during this limited time.

Because of the intended simplicity of PANSAT, no attitude contrel system is in-
stalled. The satellite tumbles throughout its lifctime. As a result, an omnidirectional
antenna is used to ensure communications during the transmission window. The sub-
sequent reduction in power efTiciency, along with the restricted size, limit the possible

number of transcetvers to one. PANSAT is therefore limited to a single communications
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link. This restricted communications capability simplifies the DP&S hardware design,
but complicates the required software [Ref. 9: p. 16].

Consideration of vibrational constraints means the DP&S system must be designed
to withstand the high vibrations encountered during launch. Financial constraints limit
PANSAT's overall budget to approximately $500,000 to $800,000.

The processor chosen is based on the Intel 8060 processor, also avzilable in a radi-
ation hardened version, the HARRIS 80C86REH processor. The AX.25 communications
prctocol is used to standardize the link for amateur digital communications. Imple-
mentation of the AX.25 protocol is done using a Zilog Z80C30 serial communications
controller. The DP&S svstem has three diflerent memory sections: fixed storage
(PROM), vital RAM and bulk storage RAM. PROM holds the operating syscem kernel.
Yital RAM holds the svstem’s vital data. Bulk RAM holds the message and telemetry

data. A watchdog timer, a 82C54RI1 programmable interval timer, is used to protect
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against processor failure. Should the timer not be reset by the processor, and hence
compiete its countdown, it initializes the processor and secures control of the transmit-
ter. Additional components include analog digital converters and parallel input output
capability. [Ref. 8: p. 4-5] Figure 16 shows PANSAT's DP&S system design [Ref. 9: p.
29].

C. THERMAL CONTROL SYSTEM

PANSAT is a very simple satellite. In conjunction with its simple design, PANSAT
utilizes only a passive thermal control system. As of this date, there is not yet a formal
design for PANSAT's thermal control.

The purpose of a spacecraft’s thermal control system is to regulate temperatures
within the satellite. Thermal control is dependent upon the manipulation of the thermal
balance equation. Inconiing energy is equal to outgoing energy. The designer must take
into account the various environments in which the satellite operates. This includes
prelaunch, transfer orbit and final orbit. Once in space, important considerations in-
¢lude sun intensity, sun angle, periods of eclipse, the amount of internal heat generated

by operating equipment, the satellite’s orientation to the sun, the orbital parameters and,
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for PANSAT, the tumbling rate. The objective of thermal control is to maintain the
interior temperature of the satellite within a temperature range indicative of the equip-
ment’'s optimal operating temperatures. The spacecraft cannot get too cold during
eclipse, or too hot during vernal equinox, when solar intensity is a maximum. PANSAT
will have to endure a worst case temperature range of -160°C to 100°C, which could be
experienced while stored in the GAS canister in the shuttle cargo bay.

Passive thermal control maintains component temperatures within the desired tem-
perature ranges without using any moving parts. In spacc there is no convection, so
passive measures regulate temperatures by controlling radiative and conductive heat
‘paths through the use of geometry and material composition. Some passive measures
are thermal coatings, thermal insulations, heat sinks and phase changing materials. [Rel.
3: pp. 292-293] ' ’

The exterior surfaces of the satellite radiatively connect the spacecraft to space, the

ultimate heat sink. leat is generated from the spacecraft’s interior to exterior through
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a combination of conductive and radiative paths. On the exterior, the two important
surface parameters are the solar absorptance (a) and the surface emittance (¢). A low
a and a high ¢ minimize solar input and maximize heat radiated into space. A combi-
nation of different coatings, resembling a chess board, may be used to get the desired
effect. [Ref. 3: p. 295]

Thermal insulation between two areas reduces the rate at which heat flows from one
area to the other. Some of the uses of thermal insulation are to [Ref. 3 : p. 296]:

1. Minimize heat flow to or from a component.

2. Reduce the amplitude of temperature fluctuations in components due to time-
varying external radiative flux.

3. Minimize the temperature gradients in components caused by varying directions
of incoming external radiative heat.

A heat sink is composed of a material with a large thermal capacity. The heat sink
is placed in contact with the piece of equipment whose temperature nceds to be rcgu-
lated. As the equipment component generates hcat, the thermal energy follows the
conductive path into the heat sink. The heat sink dissipates the heat through other
radiative or conductive paths. This keeps the temperature of the equipment component
from getting too high. Hecat sinks also work in reverse by preventing the cquipment
from getting too cold durirg eclipse. [Ref. 3: p. 297]

The thermal control subsystem for PANSAT most likely will use a combination of
these techniques. Once the design is completed extensive testing should be done to en-
sure the passive measures maintain the temperatures within operational limits.

D. ELECTRICAL POWER SYSTEM

The purpose of the energy supply system of a satellite is to provide electrical power
for all on-board systems, hence the title Electrical Power Svstem (EPS). All the general
design considerations discussed in chapter two, such as affordability and cost-
cffectiveness, apply to the EPS. Some types of solar cells alone would far surpass
PANSAT's budget, so one can see how the general design considerations are impor:ant.
A quantifiable ratio used to comparc different power sources is efficiency. Efliciency can
be measured as either the ratio of available electric power to weight, or as the ratio of
available electric power to waste heat. With both ratios, the larger ratio denotes a de-
sired higher efficiency. When attempting to design a simple, inexpensive, eflicient, reli-
able and long-lived power supply, there are several problems éssociated with power
production in space which must be addressed.
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The first problem is the removal of waste heat. Power generation always produces
waste heat. The waste heat must be removed from the spacecraft. As mentioned in the
previous section, convective heat paths do not work in space. On the exterior of the
spacecraft, convection is not very eflicient, due to the lack of molecules surrounding the
satellite. Radiation is the most economical method of heat dissipation. While con-
duction works well using radiators in contact with the heated equipment, a large weight
and space penalty is payed, thus increasing launch costs. [Ref. 10: p. 4.1}

The second problem associated with power production in space is the near vacuum
envi}onment, which also contributed to the heat removal problem. Because of the vac-
uum, some additional problems which could be encountered are cold welding,
outgassing, and leakage. Also some components of the EPS may require a pressurized
environment. [Ref. 10: p. 4.1)

Should PANSAT operate at a higher orbit than anticipated, radiation could present
another problem. Radiation is especially damaging to solar cells. Shiclding may be re-
quired to protect the internal components from high energy particles, which result in
SEUs. More weight penalty is incurred. The lack of gravity in space is another factor
- to consider. On earth, gravity is used to scparate vapors from liquids during convective
heat transfer. In space, gravity does not help the process and systems have to be dc-
signed to operate in any orientation, not in a “this end up” mode. Temperature variation
must be considered. Battery efliciency decreascs as the temperature drops, but the
power output of solar cells increase wich the same drop [Ref. 10: p. 4.2). The battery
operating range is from 0°C to 45°C, whiie the solar cells operate from -160°C to
100°C [Ref. 11: p. 13]. A temperature must be selected and maintained which maximizes
the capabilities of both components. Finally, the EPS must be sturdy enough to survive
the Jaunch environment and still function properly.

The electric power system is vital to satellite operations. Without power, the satel-
lite cannot function, the experiments will not work, and nobody would be able to com-
municate with it. The satellite would be an orbiting piece of useless aluminum. In most
cases, the system which determines design life is the EPS. That means that the EPS
generally fails first, with either the batteries or solar cells degrading before the other
éomponems. This is not likely to occur with PANSAT, since it will probably burn up
entering the atmosphere, because of orbital decay, before a major component failure.

Presently, there are three categories of power supplies: nuclear, chemical and solar.
Although nuclear systems possess a high available power to weight ratio, the enormous
cost and obvious safety factors involved with such a power supply eliminate this type




of power supply from considcration. Most satellites, to include PANSAT, usc a com-
bination of chemical and solar sources. Solar cclls are the primary power source, with
chemical batterics sccondary. During a noneclipse period, the solar cells provide power
to the satellite and charge the batteries. During eclipse, no power is produced by the
solar cells and the batteries supply the bus power. At an orbital altitude of 480 km,
PANSAT has a period of 94.2 minutes and an cclipse interval of 35.8 minutes. PANSAT
has to operate on batterv power for roughly 38% of its lifetime. Batteries arc not
practical as a primary power supply, due to their limited lifetime, but are ideal as a sec-
ondary source. They are reliable, low-cost, simple and readily available.

The use of solar power as the primary power source also makes sense. They are
relatively low in cost for the power they produce. They generate little waste heat and
produce satisfactory ratios of available power to weight, There are two methods of
converting solar energy to electrical power: thermal and photovoltaic. Thermal solar
conversion involves using mirrors to concentrate the solar rays into a container filled
with high power density salts, such as aluminum florides, thus sequentially melting and
freezing the salts as the satellite passes into and out of eclipse. Electrical power in ob-
tained from the heat given off by the salts. This conversion method is still experimental.
[Ref. 10: pp. 4-§]

The most common solar conversion method uses the photovoltaic effcct. PANSAT
uses photovoltaic cells. The photovoltaic effect is the generation of voltage by photons
incident upon a properly treated surfuce that lies near the junction of two lavers of
somewhat different materials. These cells are connected in serics to provide a desired
voltage. The resulting subunits are connected in parallel to supply the desire current.
{Ref. 10: pp. 4-6]

To design PANSAT's EPS, all available factors were considered. In addition, cer-
tain assumptions had to be made, due to the parallel design efforts for the major svs-
tems. In general. it is always safer to use worst case assumptions. Some of thc
assumptions made in PANSAT's EPS design are [Ref. 11: pp. 12-15}:

1. An orbital altitude of 480 k.
An orbital period of 94.2 minutes.
An eclipse time of 35.8 minutes per orbit.
A two year design life.

A tumbling rate of 0.1 rad’sec favoring no particular axis.

= EZ I IS

Solar array operating temperatures from -160°C to +80°C.
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7. Battery and electronic operating temperatures from 0°C to +45°C.

8. No heater is necessary.

PANSAT's CPS design consists of a photovoltaic silicon ceil system. Components
include the solar array, batteries, a battery charge regulator, and an instrument switching
regulator in the form of DC to DC converters. The solar array is made of 17 panels,
each of which hold 32 2 cm by 4 cm solar cells in series, generating a panel voltag. of
15.5 volts at Beginning-Of-Life (BOL) and providing an unregulated bus voltage of 14.9
volts. The elficiency of the solar cells is 14.3%. Bus voltage is clamped at a minimum
of 12 volts by two lead-acid batteries in parallel with the bus. Each battery has six 2.1
volt, 5 amp-hr lead-acid cells. The batterv charge regulator (BCR) monitors the indi-
vidual battery voltages, and provides a pulse modulated charge current alternatively to
each battery. Power conditioning for the unregulated bus is provided by DC to DC
converters with changes of voltage, regulation and protection. The entire system is ca-
pable of providing 18.3 watts of power . {Ref. 11: p. iv] Figure 17 shows a schematic of
the system [Ref. 11: p. X]. Tables | and 2 show PANSAT's power budget and eclipse

power requirements, respectively {Refl. 11: p 16].

Table 1. PANSAT POWER BUDGET

SATELLITE COMPO- NOMI- | DUTY | AVER- | AVER-
NENT NAL CYCLE | AGE AGE
POWER/| (%/for- | POWER| W-HR
(W) bit) (W)
Microprocessor 2.6 100.0 2.6 4.1
Transmitter 15.7 25.5 4.0 6.2
Receiver 2.0 100.0 2.0 31
BCR 1.0 62.0 0.6 0.9
ISR 0.5 100.0 0.5 0.8
Pavload 0.5 62.0 0.3 0.5
Power Orbit - - 10.0 187
10% Margin - - 1.0 1.6
Total Power - - 11.0 17.3
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Table 2. PANSAT ECLIPSE POWER REQUIRE-
MENTS

SATELLITE COMPO- POWER WATT-HR

NENT (W) PER PER
ECLIPSE ECLIPSE |

Microprocessor 2.6 1.6

Receiver 2.0 12

ISR 0.5 0.3

Total Power b kN |




. 1V. SPACECRAFT PAYLOAD

PANSAT'’s payload consists of the communications system and the experimental
module. This chapter describes the individual systems and presents specific design con-

siderations and constraints pertaining to both systems.

A. COMMUNICATIONS SYSTEM

While in the initial design stages of PANSAT, an important issuc to be decided was
the method of communication. What would the communications system consist of? A
preliminary link analysis had to be performed. A transmission frequency and mode of
transmission had to be chosen. Keeping in mind that PANSAT is an amateur platform,
the frequency wquld have to be high enough to penetrate the atmosphere relatively un-
attenuated, but low enough that antennas and transmission lines would not have to be
so critical in paraxﬁeter dimensions as to make the satellite difficult to use.

It was eventually decided that PANSAT would carry a BPSK direct sequénce spread
spectrum half-duplex communications package. The single carrier frequency is located
in the UHF amateur band at 437.25 MHz. The signal has a 1.2 kHz bandwidth which
is spread out to almost 1 MHz. The bit rate is 1200 bps.

When using spread spectrum communications, interference is expected because
many messages may be sent over the same frequency band at the same time. This in-
terference is kept to a minimal level, conducive to good operati. as, by spreading the
power from each signal evenly over a large bandwidtn. The modulating signal is virtu-
ally random, while the transmissions carry a message with a unique signature which can
be recognized and retrieved. To meet these requirements, each message is scrambled by
means of a pseudo-random sequence. Receiving stations must be able to generate the

pseudo-random sequencé and synchronize it with the transmission to be capable of de-
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coding the signal. The method of direct sequence spread spectrum combines a train of
pseudo-rahdom pulses with the message signal. The pulse repetition rate of the
pseudo-random signal must be sufliciently high to spread the signal over the extire
bandwidth, 960 kHz in this case. One message bit is combined with a train of several,
possibly hundreds, péeudo-random bits called “chips.” The receiving station, which knows
the pseudo-random sequence, generates a chip train. The received signal, consisting of
the chip train and the message bits, is compared with the generated chip train. The
message bits are picked out of the received signal, and the uascrambled signal is now
understandable. This process is known as coherent detection. All other transmissions,
which are combined with different pseudo-random sequences, appear as noise. The
signal-to-noise ratio is proportional to the number of chips per bit. Two advantages of
spread spectrum cc?mn)unications are that they are interference or jam resistant and they
arc secure because receiving stations require the pseudo-random code. [Ref. 12: pp.
221-222

N\PS chose a spread spectrum design for two reasons. The first is that this type of
communications is operationally used in the fleet. NPS is a2 Navy school, and as such,
students here should be exposed to systems resembling those used in the fleet. Several
naval operational nets utilize spread spectrum communications, including the Joint
Tactical Information Data System (JTIDS), for the protection offered by the two pre-
viously listed advantages. Th‘e second reason is that currently there are no amateur
satellites capable of spread spectrum communications. PANSAT would introduce this
communications type to the amateur community. Given the caliber of the amateur op-
erators, many of whom are engineers for major corporations, advances in this technol-
ogy are likely to follow.

The most important design consideration for a communications svstem is its

mission. PANSAT is able 10 function in one of two different modes. The first mode is
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as a transponder capable of storing and forwarding messages. The second mode enables
PANSAT to retrieve and downlink experimental and telemetry data. The first mode is
available to all amateur operators, while the second is restricted to N\NPS usage. A
standard AX.25 packet protocol is used within which the message substance and mes-
sage address are loaded. If the address is that of PANSAT’s Telemetry, Tracking and
Control System (TT&C), then the satellite operates in the second mode and responds to
the 'commands contained in the message substance. For any other address, the satellite
operates in the simple transponder mode and forwards the message. {Ref. 13: p. 4]

As with all of PANSAT's systems, a design constraint is the available power. Also
the size and weight restrictions must be met. Power restricticns for the communications
system are shown in table 1 of the previous chapter, which contains PANSAT's power
budget. For PANSAT, the weight of the communications package is not anticipated to
be a restricting factor. Figure 18 shows the dimensional en;"elope allotted the commu-
nications system and the experimental payload jointly [Ref. 1].

Although spread spectrum communications can be complicated, an attempt was
made to ﬁcep it as simple as possible. For example, a single channel is used for uplink
and downlink, which eliminated the nced for additional frequency conversion hardware
[Ref. 13: p. 14]. Choosing to use the simplest type of correlator available is another
example.

The évaﬂability of the frequency spectrum is a constraint which is addressed in detail
in the second half of this thesis. Federal and intemafional agencies are responsible for
regulating the usage of the electromagnetic spectrum for the purpose of reducing the
existence of harmful interference among uscrs. Desired frequency channels must be ap-
plied for through the proper agencies. PANSAT uses the UHF amateur band from 435
to 438 MHz. Thereis only a 3 MI1z zone in the UHF spectrum available to the amateur

community. Therefore, PANSAT has a bandwidth restriction. This is important in
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Figure 18. PANSAT Communications and Experimental Payload Envelope

spread spectrum communications, in which it might be advantageous to spread the sig-
nal over more than 3 MHz. This option is not available, so PANSAT spreads the signal
out to 960 kHz.

The attitude and inclination of the satellite’s orbit are very important design con-
siderations. These two parametefs have a direct effect on establishing the spacecraft’s
ground footprint. That is the area of the earth from which the satellite is in line-of-sight
at a particular time. By increasing the orbital altitude, the ground swath width, or
footprint diameter, increases as well. The space shuttle'g‘e'nerally deposits satellites in

the 300 km to 500 km altitude range. A satellite without a propulsion system. such as
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PA.\'SAT‘:, is unable to kick itself into a higher orbit. At zero clevation angle, the ground
swath wiéth at 300 km is 3783 km. By increasing the orbital altitude to 500 km, the
ground swath width also increases to 4824 km, an increase of 1039km [Ref. 13: p. 6].
The imenant factor effected by the size of the satellite footprint is the time in view.
Since UHF communications can only be conducted while line-of-sight, an increased
ground swath width means more operational time.

The shuttle usually launches at an orbital inclination of 28.5°, roughly the latitude
of the Cape Kennedy launch site. While an increase in inclination will not vary thc size
of the satelilite’s earth footprint, it does change the geographical location of the ground
track. An increased inclination spreads out the ground tracks, covering more territory

at higher latitudes and spending less time at lower latitudes. The lower inclination
| ground tracks are all bunched up around the equator. A satellite with an orbital incli-
nation of 28.5° follows a sinusoidal path about the equator, with the amplitudes of the
sine curve at 28.5° north and south latitude. Increasing the inclination to NPS’s latitude
of 36.5°, would increase the peak to peak distance of the orbital sine curve, giving the
higher latitudes slightly more coverage and the equatorial regions less coverage. De-
pending upon the location of the ground station, an inclination incrcase may or may not
be bencficial. The objective is t§ increase time-in-view and subsequently operational
time. At an orbital altitude of 480 km and a 28.5° inclination, a ground station at NPS
would average 56 minutes of time-in-view per day (for eight passes). Changing the in-
clination to 36.5° and retaining the same altitude, the \PS ground station would average
73 minutes time-in-view per day [Ref. 13: p. 10]. That is an incrcase of 17 minutes per
day. If a shuttle is used as the launch vehicle, however, the anticipated orbital parame-
ters will be 480 km altitude and i8.5° inclination. Figures 19 and 20 show PANSAT's

anticipated ground track .and earth footprint, respectively.
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Figure 19. PANSAT Ground Track (480 km, 29°)

The method of attitude control is an important design consideration for a satellites
communication system, specifically the anteuna design. PANSAT has no attitude con-
trol and therefore tumbles randomly. As such, the satellite antenna must be
omnidircctional. Because the antenna orientations would not be known, circular
polarization is used. The satellite must be designed so that the body of the spacecraft
does not block the s‘gnal path. No matter how the satellite is oriented, a lobe of its ra-
diation pattern must point earthward. Throughout the orbit, users will experience gains

and nulls as the satellite tumbles. During a null period. the gain decreases and the bit
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Figure 20. PANSAT Earth Footprint (480 km, 29°)

error rate increases. The assumption made with PANSAT was a maximum null of 10
dB [Ref. 13: pp. 12-13].

The number of users and consequently, the amount of message traflic must also be
considered. PANSAT limits the number of users that it services through the use of
spread spectrum. The average amateur radio operator does not have either the time,
resources, knowledge or resoive to build the associated decoding boards required for
spread spectrum communications. Only those highly motivated amateurs interested in

working with spread spectrum communications will have the' determination to undertake
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such a project. The limited number of usefs minimizes message collisions [Rell 13: p.
14},

The types of ground stations which use the satellite is an important consideration
when calculating the link budget. What are the different received signal powers to be
expected by PANSAT's receiver? The primary ground station is located at NPS. NPS
also plans to build a mobile station {Rel. 13: p. 15]. The exact characieriﬁtics for these
two stations are known. However, the remainder of the operational stations are private
amateur stations scattered around the globe. Exact values for these stations are not
known. Average characteristics for amateur stations are included in A.ppendix E.

One of the first steps taken when starting the satellite communications design is to
calculate the link budget. The following table contains PANSAT's link budget for the

worst case maximum range scenario [Refl 13: p. 23].
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Table 3. PANSAT LINK BUDGET

PARAMETER UPLINK DOWN-
LINK

Frequency 437.25 437.25
MH:z MHz

Transmit Power 0 dBW 7 dBW

Antenna Gain 2.1dB 0dB

EIRP 2.1 dBW 7 dBW

Slant Range 2025.3 km 2025.3 km

Free Space Loss 151.4 dB 151.4 dB

Antenna Temperature 161.9°K 290°K

L, 1.0 1.0

F (Preamp) 4 4B 4dB

G (Preamp) 12 12

F (Down Converter) 7dB 7dB

Ty 28.3 dB°K 29.0 dB°K

B 59.8 dB-Hz | 59.8 dB-H~7

C'N 4.2 dB 10.5 dB

R, 1200 bps 1200 bps

EIN, 9.6 dB 9.6 dB

M 16.4 4B 16.4 dB

It is not the purpose of this thesis to get into too much detail about the intricacies
of spread spectrum communications, however, some features are explained in detail for
the purpose of presenting design considerations pertaining to this satellite’s communi-
cation system. Firstly, an overview of PANSAT's communication system, as designed
to this date, is in order. Figure 21 depicts PANSAT's communication system, with an
expanded view of the receiver block [Ref. 13: pp. 26-27].

In figure 21, the higher hierarchical level shows the complete cornmunicatioas sys-
tem. This is a half-duplex system in which the single antenua is time shared by the

transmitter and receiver. A mechanical switch completes the appropriate circuit. The
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Figure 21. PANSAT’s Communication System

Terminal Node Controller (TNC) interfaces the Telemetry, Tracking and Control system
(TT&C) with the transmitter and receiver. The TNC, using the AX.25 data protocol,
reads the packet address and forwards it to the TT&C. The TT&C controls the satellite’s
operation&l functions, such as engaging thé receiver or transmitter as appropriate. [Ref.
13: pp.25-26]

The lower hierarchical level in figure 21, depicts the receiver makeup. The Voltage
Control Oscillator (VCO) in this diagram is the clock source. The downconverter takes

the received 437.25 MHz signal and downconverts it to a 10.7 MHz signal. The down-

45



converter also performs an Automatic Gain Control (AGC) function. The AGC limits
the total power in the 960 kliz spread bandwidth, allowing a threshold to be set, which
is used in the acquisition circuit of the spread spectrum demodulator. The spread spec-
trum demodulator takes the 10.7 MHz signal, synchronizes it and despreads the signal.
The despread signal is sent to the BPSK demodulator, which extracts the message data
from the despread signal. The data is sent to the TNC which reads the message address.
[Ref. 13: pp. 27-31] .

The main task of the spread spectrum demodulator is to perform the initial syn-
chronization of the incoming signal. Synchronization is the most difficult aspect of
spread spectrum communications. Synchronization is comprised of two separate tasks:
acquisition and tracking. The acquisition of the signal occurs first. The basic idea is to
align the received PN code with an internally gencrated PN code. Once the two codes
are aligned, the tracking circuit takes over. Its job is to maintain the acquisition lock
by keeping its own code clock rate as closely matched to the received chip rate as pos-
sible. There are several methods of tracking available, such as the “tau-dither’ method
or the ‘delav-lock’ method [Ref. 14: p. 248]. PANSAT uses the latter method. PANSAT
utilizes an eariy-latc gate correlator, which takes the PN code and creates two versions
of the code, an ‘early’ version and a ‘late’ version. The early code is shifted back one
hall chip, while the late code is shifted forward one half chip. The two signals separately
modulate the received signal. The two squaring circuit’s outputs are subtracted,
producing an error signal for the loop filter. The timing of the code clock is maintained
such that the error signal is a minimum, thus keeping the two PN codes in sync. The
bottom portion of figure 22 shows the tracking circuit [Ref. 13: pp. 32-33].

The top portion of figure 22, just above the trackiné circuit is the acquisition circuit.
The acquisition circuit initially aligns the two PN codes. PANSAT uses the simplest

correlator technique, calied a “sliding” correlator. With this type of correlator, the re-
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Figure 22. PANSAT Spread Spectrum Configuration

ceiver operates its code clock at a different rate than the transmitter’'s code clock. The

two PN codes then slip in phase with respect to each other. They continue sliding in
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phase until the threshold detector gets an input voltage from the integrator which is
larger than the threshold limit, which was determined by the AGC [unction in the
downconverter. When the limit is surpassed, acquisition has occurred and the tracking
circuit takes over. Figure 23 displays a flow diagram for the sliding correlator [Ref. 14:
pp. 218-219).

Now that the spread spectrum communications system on PANSAT has been de-
scribed, it is possible to look at several spread spectrum specific design considerations.
Since the average operation window for PANSAT is roughly seven minutes per orbital
pass, a major emphasis is made on reducing the acquisition time. If it takes six minutcs
to acquire the signal, that leaves only one minute for operations. Clearly this is an un-
acceptuble ratio. Also, since PANSAT carries only one antenna, each time the TT&C
switches from the transmitter circuit to the receivef circuit, or visa versa, the signal must
be reacquired ecach time. All the more reason to reduce acquisition time. Refer to the
top portion of figure 22 through the discussion in this paragraph. A handy formula for
calculating acquisition time is T,., = 2.V 7, where N is the PN code length and 7, is the
dwcll time. The dwell time is the amount of time the integrator is evaluating the signal.
The length of the PN code is, therefore, important to the acquisition time. By increasing
N, the tracking circuit works better, however, by decreasing N\, the acquisition time de-
creascs. It is not practical to shorten the length of the PN code so much that acquisition
is excellent, but the tracking circuit cannot maintain lock. A middle ground has to be
reached. The imegrétor dwell time is also important to the acquisition time. By de-
creasing T, T,c, goes down, but with an increased possibility of determining no sync
when in fact sync exists. By increasing dwell time, acquisition time increases. Also, if
T, is increase. (20 much, the probability of a false acquisition increases. So dwell time,

like PN code length, is another design consideration.
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Dwell time follows the relationship 7, = --[2-.-'-, where T, is the rise time. The rise time
is the time it takes the bandpass filter (in figure 22) to go from no pass to maximum pass.
Basically, T, is a measure of the sharpness of the corners of the filter’s cutofls. Rise time
is related to filter bandwidth by the relationship, 7, = %lli Hence filter bandwidth also
influences dwell time. To reduce rise time and consequently dwell time but ultimately
acquisition time, the bandpass filter bandwidth should be large. The limiting factor is
that the wider the filter bandwidth, the more noise is introduced into the signal, reducing

the signal-to-noisc ratio. [Ref. 15] There are many such factors to consider when at-

tempting to increase satellite operational time.

B. EXPERIMENTAL PAYLOAD

PANSAT was designed to be able to supéon small experiments having minimal
power, weight and space requirements. One such experiment is a solar cell parameter
measurement experiment. Origiﬁall_v, this experiment was to be an experiment which

tests the on-orbit annealing of radiation damaged cells. Due to PANSAT's low orbit
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of 480 km, and low inclination of 28.5°, it was determined that not enough radiation
damage would be incurred on the solar cclls to optimize the conduction of the exper-
iment. As a result, the solar cell parameter measurement experiment was substituted in
its place. The experiment measures the effects of the space environment on solar cell
performance.

Recognizing the requirement to test solar cells while on-orbit, Dr. S. Michael and
L. R. Callaway, of NPS, developed a novel solar cell test circuit which produces an
accurate representation of a solar cell I-V curve. These curves are accurate to within 2
mV from a 12 bit analog-to-digital converter [Ref. 8: p. 10]. The circuit uses the concept
that a bipolar junction transistor models an ideal current source. Using the wansistor
to control the output current of a solar cell makes it possible to measure the short circuit
current of the cell. Measuring different currents and corresponding voltages is possible
by changing the current using the transistor base as the control [Ref. 16 : p. 3. An
example of a silicon solar cell 1-V curve is shown in figure 24 {Rcf. 17: p. 31}. Dr.

Michael provides the following description of the solar array I-V tester [Ref. 16: p. 3):

This circuit in its simplest form has 5 volts placed on the anodc of the solar cell
which has its cathode tied to the collector of a 2N3405 transistor. The emitter of
the transistor is connected to ground through a 10 ohm resistor. The base is stepped
through voltages to bias the transistor {from cutofT through the active region. By
simultaneously measuring the voltage across the solar cell and the voltage across the
emitter resistor, the corresponding values of the cell VI characteristics can be re-
corded. This is true since using a high beta 2)N3405 transistor would allow us to
ignore the base current. Thus we can measure values of the current in the emitter
resistor as the collector current or the solar cell current.

A schematic of the simplest form of this circuit is depicted in figure 25 [Ref. 17: p.
13]. In this figure, the solar cell being tested provides a load to the transistor. No cur-
rent is allowed to flow to the base of the transistor, so I, = 0. The collector and emitter
currents, I, and /,, arc equivalent. The solar cell circuit voltage is the difference between
the power source voltage (5 volts in this case) and the collector voltage, so

V,= ¥V, = V,. The circuit current is equal to the product of the emitter voltage and the
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emitter resistance (10 Q in this case), so I,‘= I = —;‘- Because there is not much current
. .

drain, /, and therefore /, approximate zero. This provides one endpoint for the solar
cell's I-V curve. When F, is increased, ¥, decreases, thereby increasing current drain
until V, goes to zero and the solar cell current, 1, is reached. Data points for the entire
I-V curve can be obtained by stepping input voltages to the transistor base and meas-
uring V, and ¥V, [Rel. 17: pp. 12-13}.

In the solar cell parameter measurement experiment, the [-V testing circuit is cou-

pled with a microprocessor based controller svstem, designed by Lt. R.S. Oxborrow.

The system has the capacity to collect, validate and store data pertaining to solar cell
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Figure 25. Novel Solar Cell Biasing Circuit

performance -V curves. The complete system is composed of an NSC 800 micro-
processor, digital-to-analog and analog-to-digital converters, analog multiplexers/
demultiplexers, biasing transistors and op-amps. The designed experiment provides a
compact, simple, low powered and accurate method to measure and store solar cell op-
erational parameters, via their [-V performance curves [Ref. 17: p. iii}. To illustrate the
compactness, the size of the computer controller, when not encased is 3 by 4.5 by 1.5
inches. The test array consists of eight cells {[Ref. 16: 2 4].'

The solar cell parameter measuring experiment is a subset of the previou#ly planned
on-orbit annealing experiment. The -V curves produced by the measurement exper-
iment would be used to determine the maximum‘power point. The maximum power
point, in ‘urn, is used in the algorithm for energizing anneal circuitry in the annealing
experiment. PANSAT provides the platform which will allow the measixring experiment
subset to be tested and perfected so that the annealing experiment, carried on a future |

satellite, will proceed smoothly.
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The possibility exists that PANSAT may also carry additional experiments, provided
they conform to size, weight and power restrictions. One such experiment being con-
sidered is an eiperimcm which tests the new technology of ferroelectric memory.
Ferroelectric memory is suited for space applications, due to its inherent radiation tol-
. erance, non-volatility and high memory density. Detractors from this technology are

endurance and retention. {Ref. 8: p. 12}
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§ V. CLASSROOM USES FOR A SATELLITE

; Besides providing the bus which contains the experimental payload, and giving the
amateur radio community an opportunity to utilize spread spectrum communications,
PANSAT can be used in the classroom to illustrate many aspects of space science. One
¢ : of PANSAT's functions is to serve as an on-orbit laboratory for students in the Space

Systems Academic Group (SSAG) at NPS. This chapter presents several space systems
areas in which detailed experiments could be developed to provide hands-on experience
to the student and reinforce lecture material. ‘
Many experiments could be devised in the area of satellite tracking. Students could
determine the classical orbital parameters of the satellite from actual observation.
Tracking experiments can be used to illustrate basic satellite orbit terminology, to de-
termine PANSAT's period, to predict the time at which communication is possible, ahd
to determine the satellite’s attitude. Since PANSAT is in a circular orbit, the only
equipment required to determine orbital parameters is a ground receiver, an antenna ahd
a clock. The tracking experiment would proceed in the following manner. First calcu-
late the time of closest approach for the first orbit by averaging the two times of initial
contact and lost signal. The same is then done for the next orbit. The elapsed time
between the two times of closest approach is the first estimate of the period. Using
Kepler's Law, the satellite aititude can be calculated from the equation P2 = ( -g%— e,
by solving for the radius r. Using data from additional orbits increases the accuracy of
the estimated parameters. Variations of this experiment would allow the student to ob-
tain additional information. For example, the use of a directive antenna would allow the
student to estimate the orbital inclination. PANSAT as an on-orbit laboratory would

be useful to instructors teaching orbital mechanics by proving the validity of Kepler's

54




T
- Eh T

SR

Laws. Additional experiments are possible to determine the satellite’s elevation and
slant range as a function of time, its position in the orbital plane as a function of time,
and to produce the satellite’s ground track. [Ref. 18 : pp. 6.2-6.5} |

Another type of experiment which could be performecd using PANSAT is one in
which orbital parameters are calculated using the doppler effect. The doppler effect is
the change in the frequency observed from a stationary observer in a fixed reference
frame as an emitter moves toward and then past the observer. In this experiment, the
ground station is the observer and the satellite is the emitter traveling at velocity V. The
satellite needs to emit a constant beacon signal. Best results occur when the satellite is
close to overhcad. From the beginning of the satellite signal until the signal is lost in a
pass, a table should be kept showing time and observed frequency. Using the data from
this table, a frequency-versus-time, Doppler graph, can be constructed. Figure 26 is an
example of a doppler graph [Ref. 18: p. 6.18]. The time at which i;{-‘- is a maxirnum (the
inflection point on the doppler graph) is the time of closest approach (TCA). To esti-
mate the period, repeat the ~above procedure on the next pass, producing another
Doppler graph. Determine thL; TCA for this pass. The orbital period is the time differ-
ence between the two TCAs. For a circular orbit, satellite velocity is given,

P

Vo ( )?, where P is the period, G is the gravitational constant, and M is the

mass of the earth. The slant range at TCA can be obtained using the formula,
p,™ ——c(-g%)::’ in which p, is the slant range, F, is the transmitted {requency and ¢
is the velocity of light in a vacuum. [Rel. 18: pp. 6.12-6.17]

Students can gain valuable space experience using PANSAT by transmitting com-
mand messages to and evaluating received telemetry data from the satellite. Telemetry
data shows the staius of all the systems aboard the satellite. This could include infor-

mation such as the voltage produced by each individual solar panel or internal environ-

mental tempcrature.  NPS students could devise several experiments utilizing the
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Figure 26. Doppler Graph

telemetry data. An experiment could be developed to determine the orientation of the
spacecraft using voltage readings from individual solar cells. The equilibrium temper-
ature of the satellite could be determined and used to demonstrate the heat balance
eqixations. Energy balance equations can be used to determine the availabie power to
operate the satellite’s equipment (ie. to explain the power budget). Experiments can
be made to measure the solar constant or the albedo of the earth from sunlight reflected
off the earth’s surface, which strikes the earthward solar panels. [Ref. 18: pp. 6.27-6.44)

Another concept which could be explained by a satellite experiment is Faraday Ro-
tation. Faraday Rotation is the rotation of the plane of a linearly polarized wave about
the axis of propagation. The phenomena is caused by the earth’s magnetic field.
Faraday Rotation results in the degradation of signal strength. By computing the drop

in signal strength from other factors such as satellite orientation, receiving antenna pat-
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tern, ionospheric absorption and radial distance from the receiver, and subtracting thesc
from the total signal loss, the loss due to Faraday Rotation is left. {[Rel. 18: pp. 6.46-6.47]

NPS students may also devise a way to use PANSAT to radiolocate a signal on the
earth’s surface. A practical application of radiolocation is to find downed aviators.
Most aircraft automatically activate an Emergency Locator Transmitter (ELT) when an
emergency is declared. Using the doppler eliect previously discussed in this chapter,
PANSAT could detcct an ELT signal and relay the signal to a ground station. The
ground station could create a doppler graph as in figure 26. The TCA of the satellite to

"the ELT occurs at the inflection point of the curve. PANSAT's nadir point at this time
can be plotted. If the same thing is done for a couple of orbits, the ELT’s location can
be triangulated. This technique has been used in the past on NASA’s Search And Res-
cue SATellite (SARSAT) of the 1970's. [Ref. 19: p. 63]

The ideas presented in this chapter have only hinted at thc multitude of experiments
which are possible using a satellite such as PANSAT. Experiments can be done to rc-
enforce student understanding of lecture material covering the space sciences. Many
academic departments at NPS could benefit from this type of laboratory experience.

The only limiting factor is the students’ imagination.
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V1. INTERNATIONAL SPECTRUM MANAGEMENT

With this chapter, the study leaves the satellite design consideration topic and ad-
dresses the satellite licensing problem. When a satellite is licensed, the desired result is
that an operating frequency is requested and approved. Befnre explaining the various
licensing routes possible for PANSAT, it would be helpful to understand the structure
and roles of the frequency spectrum regulating agencies. This chapter describes the most
senior of the regulating agencies, the International Telecommunications Union (ITU).
The two national level agencics, the Federal Communications Commission (FCC) and
the National Telecommunications Information Administration (NTIA), are discussed in

the following chapter.

A. THE INTERNATIONAL TELECOMMUNICATIONS UNION

The worldwide organization which manages frequency allocations is the Interna-
tional Telecommunications Union (ITU). Within the geographical confires of each
country, a national regulatory organization is responsibie for the licensing of radio
stations and the assignment of frequencies. In the United States, the FCC and the
NTIA jointly maintain regulatory control. The FCC and NTIA are required to notify
the ITU of any frequency assignments or license approvals. 1f the ITU does not foresce
any interference or international conflict, it approves the action and officially records it.

The main role of the ITU is to settle conflicts between member nations pertaining
to the field of telecommunications. The ITU, originally known as the International
Telegraph Union, was founded in Paris, France in 1365. In 1932, the name was changed
to its present form when additional duties, rela_lting to telephony and
radiocommunications, were incorporated into its charter. In 1947, the United Nations

made the ITU a UN specialized agency for international telecommunication matters.
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Presently, 162 nations, including the United States, are members. [Ref. 20: p. 62] Today,
the ITU is located in Geneva, Switzerland.!

The central document of the ITU is the International Telecommunications Con-
vention. The Convention has international treaty power. In fact, the Convention is a
treaty between the member nations which specifies the ITU’s basic structure, objectives,
budget and operating procedures. The Convention may only be altered by the
Plenipotentiary Conference, which meets once every seven years. Subservient to the
Convention are the Radio Regulations, Telegraph Regulations and Telephone Regu-
lations. These regulations may be revised by Administrative conferences. [Rell 21 : p.
120}

The overall objectives of the ITU are threefold. First, to promote international co-
operation aniong all members of the ITU, to improve the use of telecommunications of
all types, and to provide techrical assistance to developing countricz. The second ITU
objective is to promote the development of more efficiently operating technical facilities
to improve communications service and to make them available to the general public.

The final objective is to achicve the first two objectives in such a manner as to ¢/ 1se the

_least friction between the members. [Ref. 22: Art. 4] In order to accomplish the three

objectives, several specific tasks are performed by the Union. To better understand the
tasks, the structural breakdown of the Union is presented, to be followed by tasks per-

formed by each substructure.

1 For those interested in contacting the ITU, the mailing address and phone number are:

ITU

International Telecommunications Union
Place des Nations, CH 1211

Geneva 20, Switzerland

Telephone: (022) 34 60 2]

Telex: 23000
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Structurally, the ITU is comprised of two categories of organs: the international
conferences and the permanent organs. There are three types of ad-hoc structures
(international conferences). They are the Plenipotentiary Conference, the Administra-
tive Council, and the Administrative Conferences.
structures are senior to the permanent organs.
structural relationships. There are four permanent organs in the Union. They are the
General Secretariat, the International Frequency Registration Board (IFRB), the Inter-

national Telegraph and Telephone Consultative Committee {(CCITT) and the Interna-

Hierarchically, the three ad-hoc

tional Radio Consultative Committee (CCIR). [Ref. 23: pp. 3-5]
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The Plenipotentiary Confcrence} is the most powerful organ in the Union. It is
composcd of one representative fromj each member country. The conference meets every
seven or eight years. The Plenipotenuary, determines when it will mect, based upon
recommendations by the General Sc;:retariat. In the Plenipotentiary Conference, as in
all three types of international conferences, the conferences are organizations of equals.
No ITU staff or senior conference delegate has authority over other delegates [Ref. 23;
p- 3} The Plenipotentiary Conference performs several tasks, the most important of

which are listed here [Ref. 22: Art. 6}:
1. Detcrmine general policies of the Union.
Revise the ITU Convention if required.
Elect members of the Administrative Council.
Elect members of the IIFRB.

2.
3
4.
5. Elect the Secretarv-General (Head of the General Secrctariat).
6. Clect the directors of the CCIR and the CCITT.

7. Provide a budget setting fiscal limits until the next Plenipotentiary Conference.
8. Make decisions dealing with stafling, salaries and pensions,

9. Conclude or revise agreements with other international organizations.

10. Answer other tcleccommunications related questions as required.

While the Plenipotentiary Conference is the supreme organ of the Union, the Ad-
ministrative Council actually governs the Union. The Administrative Council is com-
posed of 41 members, all of which are elected by the Plenipotentiary. The Council meets
annually for a three week period. During the interval between Plenipotentiary Confer-
ences, the Administrative Council acts on behalf of the Plenipotentiary, within the dc-
legated limits of power. The four major tasks of the Council are [Ref. 22: Art.8}:

1. Perform duties as assigned by the Plenipotentiary, to include the implementation
of the rules and regulations contained in the ITU Convention and the Administra-
tive Regulations.

2. Each year create a technical assistance policy in accordance with ITU objectives.

3. Coordinate the work of the ITU and control the fiscal spending of its permanent
organs.

4. Promote international cooperation by giving technical assistance to developing
countries. .
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The final ad-hoc structure in the ITU is the Administrative Conference. Structural
organizations vary for this conference, depending upon the mandate of the particular
conference. Administrative Conferences are convencd whenever there is a subject, or
conflict, to discuss of a pertinent matter [Ref. 23: p. 5]. Administrative Conferences are
normally held to discuss very specific telecommunications matters. Subjects not in-
cluded in the agenda may not be discussed at the conference. All decisions reached must
also be in accord with the ITU Convention. The Administrative Conference does have
the power to perform such tasks as making revisions to the Administrative Regulations -
or the Radio Regulations. [Ref. 22: Art, 7]

There are two types of Administrative Conferences, the World Administrative Radio
Conference (WARC) and the Regional Administrative Radio Conference (RARC).
WARGC s discuss matters on a worldwide scale. Their agendas can have cither a broad
or narrow scope, depending upon the necd. Since World War 11, twenty limited WARCs
and six broad subject matter WARC3 have been held. Of these 26 WARCS, five of them
have been called to deal with matters directly related to space communications. They
were the 1963 and 1971 Conferences on Space Comimunications, the 1977 Coalerence
on Broadcast Satellites, and the 1985 and 1988 Conferences on Geostationary Orbits.
[Ref. 24: p. 35}

RARC:s cover subject matter of a more regional nature. The ITU has separated the
carth into three regions. Figure 2§ shows the area covered by each region. Region | is
comprised of Europe and Africa. Region Il contains North and South America. Region
I11 is made up of Asia and the western Pacific. RARCs are called based upon the dif-
ferent nceds of each region, which do not affect the other two regions. The member
nations of each region meet and make compromises and frequency allocations among’
themselves. Fourteen RARCs have been held since World War 11, An example of a
RARC issue occurred in 1983, when the United States called a RARC for Region 11 to
discuss the distribution of slots in the geosynchronous orbit allotted tc Region I1. {Ref.
24: pp. 35-36) ,

The first of the fcur permanent organs in the ITU is the General Secretariat. The
head of the General Secretariat is the Secrctarv-General, who is appointed by the
Plenipotcntiary Confercnce. He reports to the Administrative Council each year on the
state of the four permanent organs of the Union. The Secretary-Genera! is also the legal
representative of the Union. The six functional departments of the General Secretariat
include finance, personnel social protection, computer, conferences and common ser-

vices, external relations and technical cooperation. As the departments indicate, the
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General Secretariat handles the financial and administrative aspects of the Union [Ref.
22: Art. 8]. In the arena of space communications, the General Secretariat is tasked with\
overseeing the publication and exchange of information regarding satellite communi-
cations. The General Secretariat also runs the technical cooperation programs to pro-
mote the development of satellite communications in developing countries {Ref. 25: pp.
36-37). These tasks are specifically accomplished by publishing such material as the
Telecommunication Journac and by providing professional instructors and advisors to
developing nations.

The International Frequency Registration Board is the second of the four permanent
organs. The IFRB is composed of five members who are elected by the Plenipotentiary
Conference. The Administrative Council can replace IFRB members in years in which
the Plenipotentiary does not meet. The major function of the IFRB is to receive notifi-
cations from member countries, informing the Board of the country’'s assignment of a
frequency to an individual local station. The IFRB then determines whether or not that
assigned frequency may create harmful interference in another country. If not, then the
frequency is entered into the Master International Frequency Register, which the IFRB
is tasked to maintain. If it is deemed that interference will occur, the IFRB notes the
problem and serves as an international negotiator betweern the countries in conflict, for
the purpose of attaining.a compromise solution. As an example, in 1975, the IFRB ne-
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gotiated such a compromise solution between INTELSAT, the USSR, India and
Indonesia [Ref. 24: p. 34]. Additional tasks performed by the IFRB include [Ref. 22:
Ar, 10}

1. Recording positions in geostationary orbit assigned to individual countries.

2. Furnishing advice on frequency assignment and geostationary satellite slot assign-
ment.

3. Maintain the records of each assignment.
4. Prepare reports for and participate in WARCs and RARCs.

5. Advise members on allocation of frequencies, geostationary slots and interference
© issues. :

6. Perform any additional duties concerning the assignment and utilization of radio
channels and orbital slots.

The Radio Consultative Committee is the third of the ITU’s permanent organs. Its
director is elected by the Plenipotentiary Conference. The CCIR carries a permanent
stafT called the Spccialized Sccretariat. Every four vears, the CCIR calls a Plenary As-
sembly to construct a list of technical and operational questions which need to be
studicd. These questions are divided up among several study groups. The study groups
are composed of ITU member countrv representatives, international organizations,
CCIR specialized secretariat stafl, recognized private agencies plus scientific and indus-
trial organizations. The study groups draw up recommendations which, after approval
by the Plenary Assembly, are used in WARCs and RARCs. [Ref. 25: p. 37]

Several of the study groups deal directly with space communications. Some exam-
ples of space related topics discusscd in the last Plenary Assembly are fixed satellite ser-
vice, space research and radioastronomy, propagation in non-ionized media, mobile and
satellite broadcasting services, and standard time and frequency [Ref. 23: p. 5]. The
Convention recaps the duties of the CCIR as follows [Ref. 22: Art. 11];

..to  study technical and operating questions relating specifically to

radiocommunications without limit of frequency range and to issue recommen-
dations on them.

The CCIR’s sister Committee is the International Telegraph and Telephone
Consultative Committec. It is the final permanent organ of the Union. The structure
of the CCITT is much the same as the CCIR. The director is elected by the

Plenipotentiary Conference and it also carries a permanent stafT called the Specialized

64



b®

T L R S T E s o A E oy . N S T

Secrctariat, located in Geneva. The CCITT does its work m study groups similar to the
CCIR. A sampling of topics for the study groups include& transmission systems and
equipment, digital technology, telematics, telegraph networks, data communication, sig-
naling and switching and regional tarifl groups [Ref. 23: pp. 31-35]. The Convention
describes the duties of the CCITT as follows [Ref. 22: Art. 1}

..to study and issue recommendations on technical, operating and tarifl’ questions
relating 1o telecommunication services, other than technical or operating questions
relating specifically to radiocommunications.

The CCITT studies the use of telecommunications and the types of signalling associated
with different types of information. The CCITT is involved in space communications in
the area of satcllite circuit integration into different networks. Some space related study
group topics have.included digital speech interpolation, the use of satellite circuits for
data transmission, and the eflects of long propagation times on signalling systems. [Ref.
25: p. 36}

In many instances, the two Consultative Committees work together on related sub-
jects and jointly publish journals on subjects of interest. The reports produced by the
two Committees are the technical basis on which the WARCs and RARC:s act to effect
changes in the ITU Radio Regulations.

This section has briefly described the structure and function of the ITC. The ITU
is the grandfather orgamization which the FCC and NTIA of the United States must
notify when assigning frequencics to new stations, revising frequency assignments to old
stations, or assigning geostationary orbit positions. The notifications and requests for
license for PANSAT, which are sent to the FCC for an amateur satcllite, eventually must
be approved by the ITU. The IFRB is the specific entity within the ITU which would
be involved with PANSAT's approval for license. Since its birth in 1865, and since it
first became involved with satellite communications in> 1959, after the 1957 launch of

Sputnik, the ITU has been highly successful in resolving communications conflicts.
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V1. FEDERAL FREQUENCY REGULATING AGENCIES

The ITU, acting upon the recommendations of its WARCs and RARCs, has as-
signed an allotment of radio channels to member nations, which the individual countries
are responsible to regulate within their borders. In the United States, frequency regu-
lation is performed by two independent agencies, the Federal Communications Com-
mission (FCC) and the National Teleccommunications and Information Administration
(NTIA). Both agencies were created as a result of sections 303 to 305 of the Commu-
nications Act of 1934, which addresses the regulation of wire and radio comumerce within
and across U.S. borders. The FCC is responsible to regulate telecommunications oper-
ated by the private scctor, while the NTIA assigns frequencics and regulates systems
operated by the federal government [Ref. 26: p. 3.5]. Prior to 1978, the NTIA wus
known as the Office of Telecommunications Policy (OTP) [Ref. 27 : p. 401].

Looking at the National Table of rrcquch}' Allocations [Ref. 28], it shows that the
NTIA and the FCC each individually control about 30% of the U.S.’s allotted frequen-
cies. The remaining 40%% are controlled jointly by the two agencies. As a result of the
shared frequencics, the NTIA and FCC must coordinate many of their activitics. For
example, FCC representatives serve on the NTIA’s Interdepartment Radio Advisory
Committee (IRAC). The IRAC is described later in this chapter. Conversely, the NTIA

“contributes to the FCC rulemaking process [Ref. 29 : p. 76]. Because the frequency
spectrum is a limited resource and there are increasing requirements for spectrum usage,
both the FCC and NTIA must work together to create a long range plan that will meet
the requirements anticipated in the future. The remainder of this chapter describes the

two national agencies.
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A. FEDERAL COMMUNICATIONS COMMISSION
As specified by the Communications Act of 1934, the FCC was created to regulate

telecommunications “in the public interest.” More specifically, this means the FCC is

- responsible for spectrum management in the private sector, state and local governments

included {Ref. 30 : Sect. 303].2 The general duties of the Commission have been ex-
panded as technology produces new methods of communications. The Communications
Satellite Act of 1962 incorporated satellite communication into the FCC’s realm of re-
sponsibility [Ref. 31: p. 196]. General tasks to be performed by the FCC include [Ref.
29: p. 3):

To promote the development and operation of broadcast services.

To provide efficient worldwide telephone and telegraph services at reasonable rates.

To promote the safety of life through the use of radio assets.

To use radio and television to strengthen national defense.

T N

To coordinate and consult with other appropriate agencies concerning communi-
cations.

*

To regulate all broadcast services, through licensing.

7. To review the performance of licensed stations to assure proper operating procc-
dures and that the station is in the public interest.

8. To approve station ownership changes and station technical alterations.

9. To process applications for construction of stations and changes in service.

The FCC is headed by five Commissioners, who are appointed by the President, with
the consent of Congress. The President chooses onc of the five members to be the
chairman. The chairman presides over FCC meetings and represents the Commission
in interagency matters. Commissioners serve overlapping five year terms of office. No
more than three Commissioners may be from the same political party. All FCC matters
are resolved by a majority vote of the Commissioners. Congressional control of the

2 For those interested in contacting the FCC’s national office, the address and phone number
are:

Federal Communications Commission (National Office)
1919 M Street Northwest

Washington, D.C. 20554

phone: (202) 653-8144
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FCC is exercised through subcommittees of the U.S. Senate and the Ilouse of Repre-
sentatives [Ref. 24: p. 149]. The Commissioners supervise all activities within the FCC.
Matters are discussed at regular open and closed agenda mectings and special mectings.

Assisting the Commissioners perform the previously listed tasks are numerous stafl
members, who are organized into four bureaus and seven offices. Figure 29 depicts the
FCC's structure. The four operating bureaus are the Mass Media, Private Radio, Field
Operations and Common Carrier Bureaus. The seven offices are the Oflices of Plans and
Policy, Administrative Law Judges, Opinions and Review, Public Affairs, General
Council, Science and Technology, and the Office of the Executive Director. Descriptions
of each office and bureau follow.3

In 1982, the FCC merged what was then called the Broadcast Burcau and the Cable
Television Bureau to form the present Mass Media Bureau. This bureau is responsible
for regulating AM and FM radio, television broadcast stations and cable television net-
works. In the space arena, the Mass Media Bureau is tasked with the regulation of Di-
rect Broadcast Satellites (DBS) in coordination‘ with the Common Carrier Bureau. {Rel.
24 : p. 150]

The Common Carrier Bureau is charged with the regulation of radio and wire com-
munication services such as radio, telegraph, lacsimile and satellite services. This bureau
licenses the above services and establishes the rates in coordination with state authori-
ties. The Common Carrier Bureau is very involved with satellitc communications, as it
licenses satellites, taxes them and establishes operational restrictions. [Ref. 24: p. 150]

The Private Radio Bureau establishes reguiatory control over all other types of radio

stations (excepting experimental stations) to include amateur (PANSAT operates here),

3 For those interested in contacting the FCC's regional oflice, the address and phone number
are:

Federal Communications Commission (Regional Oflice)
211 Main Strect '
Room 537

San Francisco, Ca. 93105

phone: (415) 744-2722
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aviation, CB, public safety (police), marine and industrial stations [Ref. 29: p. 4). This
bureau would license and regulate PANSAT, as it operates in the amateur band as an
amateur station. Satellites are looked at in the same manner as a station.

The last bureau, the Field Operations Bureau, conducts engineering work for the
Commission. Its responsibilities include inspecting stations, monitoring radio trans-

missions, detecting radio regulation violations, investigating complaints of interference
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and handing out violation notices. This bureau has ficld oflices across the country.4 The
Field Operations Bureau also processes radio operator license applications and exam-
inations. [Ref. 29: p. 5}

The functions of the seven offices are well reflected by their titles. The Office of
Plans and Policies develop long range plans and policy recommendations encompassing
the entire spectrum of the FCC. The Office of Administrative Law Judges preside over
FCC hearings and make the Initial Decisions, which are reviewed and approved by the
Commissioners. The Office of Opinions and Review assists the Commissioners review
the Initial Decisions and make recommendations to be used in the Final Decisions. The
Office of Public AfTairs is responsible to inform the public of FCC decisions, to promote
public participation in FCC decision making, and to advance the cause of equal oppor-
tunity in the communications field. The Office of the General Counsel is the legai rep-
resentative of the Commission. [Its tasks include representing the FCC in court and
advising the Commissioners on legal matters involving FCC policy. The OfTice of Sci-
ence and Technology regulates experimental stations, coordinates standards with the
FCC and coordinates international station licenses. 1f PANSAT could be licensed as
an experimental satellite, the license request would go through this office. Finally there
is the Office of the Executive Director. His duties are administrative in nature. They
include internal administration, health and safety, budget planning and personncl man-
agement. [Refl 29: pp. 3-6]

The FCC publishes a number of periodicals to inform the public of FCC actions.

The OfTice of Public Affairs publishes a daily FCC news release which announces recent

4 The address and phone number for the FCC local office is:

Federal Communications Commission (Local Office)
Field Operations Burcau ,

424 Customhouse, 553 Battery Street

San Francisco, Ca. 94111

phone: (415) 705-1101
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FCC actions and propositions. It can be obtained from the FCC Press Oflice (phone:
(202) 254-7674). The FCC also publishes a weekly version of FCC Reports and uses the
Federal Register to publish decisions, orders and policy statements. These publications
are available from the Superintendent of Documents, Government Printing OfTice,
Washington, D.C. The rules and regulations of the FCC are located in title 47 of the
Code of Federal Regulations. Copies of this are also available through the Government
Printing OfTice. [Ref. 26: p. 3.3]

The remainder of the chapter examines the structure and function of the U.S.’s other

frequency regulating agency, the NTIA.

B. NATIONAL TELECOMMUNICATIONS AND INFORMATION
ADMINISTRATION

The NTIA falls under the Executive Branch of the U.S. government. The President
is ultimately responsible for the frequency management of all radio stations belonging
to and operated by the government [Ref. 30: Sect. 30§]. The President delegates this
authority to the Department of Commerce. The head of the NTIA is the Assistant
Secretarv of Commerce for Communications and Information. Besides regulating gov-
ernmental use of the spectrum, the NTIA also assigns frequencies {or industrial govern-
ment contracts. [Ref. 26: p. 3.6]3

The responsibilities of the NTIA can be broken down into three objectives, all re-

lating to spectrum management. The objectives are [Ref. 32: p. 639}

5 For those intercsted in contacting the N'TIA, the address and phone number arc:

U.S. Department of Commerce

National Telecommunications and Information Administration
14th and Constitution NW

RM 4099 (for Frequency Assignment Oflice)

Washington, D.C. 20230

phone: (202) 377-1832
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1. Assign frequencics to federal government organizations.

2. Coordinate with the FCC in order to perform long range planning to more efli-
ciently use the U.S.’s allotted frequencics.

3. Prepare for ITU RARCs and WARCs.

£.n organizational chart of the NTIA is presented as figure 30. The NTIA is pro-
gram oriented with a stafl consisting of a chief administrator, a deputy administrator,
three associate administrators, four directors, a chiefl counsel, a chief scientist and several
advisors. The size of the NTI1A, including secretarial support, is approximately 60 peo-
ple [Ref. 33 p. C.3]. All the senior staff and support personnel are organized into seven
offices and one institute. The seven offices and one institute cover the subjcct areas of
policy analysis, general counscl, spectrum management, internal aflairs, telecomumnuni-
cations sciences, policy coordination and management, public affairs, and media re-
lations.

The Office of Spectrum Management (OSM) performs most of the tasks required
by the NTIA, specifically in the area of frequency assignment to government agencices.
OSM interacts with the FCC while coordinating the 40%. of the allotted frequencics
which are jointly controlled. OSM used several planning methods to accomplish its two
tasks of satisfving the RF spectrum needs of the federal government and ensuring that
the allotted frequencies are being used in an efficient manner. To do this OSM coordi-
nates with all federal agency users to determine their specific needs. [Ref. 32: p. 659]

The NTIA also uscs external support in the form of the Interdcpartment Radio
Advisory Committee (IRAC) and the Frequency Management Advisory Council
(FMAC). Both groups fall under the Department of Commerce and are closely tied to
the NTIA.

The IRAC was originally created in 1922. In 1970, the present form and nussion
was established pursuant to Executive Order 11556, The function of the IRAC is to
serve in an advisory capacity to the Administrator of the NTIA on matters relating to
spectrum management. The IRAC is chaired by and reports to the Dcputy Associate
Administrator of the OSM. The committee is composed of representatives from each
of the federal agencics and departments that use the spectrum. Examples of these rep-
resentatives include the USN, USAF, USA, VA, Coast guard', NASA, FAA, Commerce,
Interior, Justice, etc. A liaison representative from the IFCC also sits on the IRAC.
[Ref. 33: Append. Y|
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Figure 30.

The IRAC is a forum in which spectrum management problems are discussed and
recommendations formed. This committee meets twice a month. The IRAC is further
divided into four subcommittees: the Frequency Assignment Subcommittee (FAS), the
Special Planning Subcommittee (SPS), the Technical Subcommittee (TSC) and the
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International Notification Group (ING).

The other external advisory group the NTIA uses is the FMAC. This council was
created in 1965. It is composed of 15 members, who are chosen by the Administrator

of the NTIA. The group is chaired by the Associate Administrator of the OSM. The
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FMAC meets three time a year. The members of the council are chosen based upon
their technical expértise in the telecommunication arca of interest. The mission of
FMAC is to provide advice to the NTIA on spectrum allocation and the use thereof.
More specifically, the members are tasked with reviewing spectrum management pro-
grams, reviewing the progress of electromagnetic compatability (EMC) prograras, and
to prepare the LU.S. position on issucs to be discussed in upcoming ITU conferences.
As an example, the NTIA used the FMAC to make recommendations on the telecom-
munication aspects of the proposed U.S. space station and on the commercialization of
space. [Ref. 32: p. 661)

The complete rules and functions of the NTIA are published in the Manue! of Reg-
ulations and Procedures jor Federal Radio Frequency Management. Copies of this publi-
cation may be obtained through the Superintendent of Documents, Washington, D.C.
20402, |

The United States recognizes that the portion of the RF spectruin allotted to the
U.S., by the ITU, is a precious resource. Such a limited resource cannot be squandered
in an ine{Tective and wastefu!l manner. Sceing the need to controi the use of this re-
source, the government created an organization to regulate its use. The government also
rcalized that the private and federal sectors operate in vastly different manners. To
hundlc the two separate methods of operation, the [requency regulating organization
was strustured into two independent organizations.  Both mwst coordinate with cach
other, and both must report to the higher ITU on a notification basis. Figure 31 at-
tempts to describe this complex relationship in a pictorial form.

Had the decision been made to attempt to obtain a military channcl to operate
PANSAT, the request for frequency assignment would have been made through the
NT'A and its substructure. The Naval Electromagnetic Spectrum  Center
(NAVEMSCEN), where the request would be initially sent, can be considered part of the
NTIA's substructure. tlad PANSAT been classified as a strictly experimental satellite,
the frequency license application would have been made through the Office of Science
and Technology within the FCC’s substructure. It was decided to license PANSAT as
an amateur Satellite. The license request goes through the I'CC and its Private Radio
Burcau. The remaining chapters cover procedures to initiate license recuests for a sat-

eliite in the categories of militury, experimental or amateur satellite.
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VIIl. AMATEUR SATELLITE LICENSING PROCESS

The next three chapters describe the processes involved with licensing a satellite as
either an amateur, military or experimental satellite. These three categories were chosen
because they arc the three categories of radio stations which PANSAT could be classi-
fied 'as.

The first method by which PANSAT could be licensed, is as an amz eur satellite
operating within the scope of the amateur satellite community. This approach is the
method currently pursued by NPS. Part 97 of Ref. 28: defines the Amateur Service as

follows:

A radio communication service for the purpose of self training. intercommunication,
and technical investigations carried out by amateurs, that is, duly authorized persons
interested in radio technique solely with a personal aim and without pecuniary in-
terest.

The Amateur Satellite Service is defined:

A radiocommunication service using stations on Earth satellites for the same pur-
pose as those of the Amateur Service.

This section describes aspects involved with the process of obtaining an amateur license,
as well as the restrictions imposed on the satellite’s operation.

The Federal Communic: tions Commission regulates the amafeur frequency bands
within the United States. The amateur radio community has been authorized, in ITU
region 2, to operate within the portion of the RF spc-ctrum listed in table 4 [Ref. 28: Sect.

97.301}.
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Table 4. AUTHORIZED AMATEUR FREQUENCY

BANDS

BAND WAVE- FREQUENCY RANGE
LENGTH

MF 160 m 1800-2000 kHz
HF S8um 3.5-3.75 M1~
HF d0m 7.0-7.3 M1z
HF inm 10.10-10.15 Mz
HF 20m 18.068-18.168 Mliz
HF 15m 21.00-21.45 MHz
HF IZm 24.89.24.99 M1z
HF lom 25.0-29.7 Mz
VHF 6m 50.54 MHz
VHF 2m 143-148 MH~
VHF 1.25 in 220-225 Mllz
UHF 76 cm 420-450 Mz
UHF 33cm 902-928 Mlls
CHF 23 cm 1240-1300 Mz
UHF 13 cm 2300-2310 MUz
SHI 9cm 3338 GHy
SIIF Scm 5.650.5.925 Glir
SHF Jem 10.00-10.50 G127
SHFF 1.2¢cm 24.00.24.25 Gllz
EHF 6 mm 47.0-47.2 Gllz
ENF 4 mm 75.5-81.0 G,
EHF 2.5 mm 119.98-120.02 Gtz
EHF 2 mm 142-139 GH7
EHF I mm 231-250 Gllz

The frequency bands listed in table 4 are a complete list of authorized bands avail-
able to the highest amateur license class, the extra class. Lower license classcs are more

restricted with the portion of the spectrum available for use. The dillerent classes of li-
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censes are covered later in the chapter. ITU Regions 1 and 111, in many instances,
provide slightly different {requency ranges for the wavelength bands. For example, use
of the six meter band is not authorized for amateurs in Region I, and the use of the two
meter band is restricted to 144-146 Mllz. In many of the authorized bands, amatcurs
may use the band on a secondary basis only. This means they are not protected from
interference caused by primary uscrs, such as the U.S. government. PANSAT operatcs
in the UHF 70 cm band, with a centr_al frequency of 437.25 MHz. Satellite communi-
cations in this band are restricted to 435-438 Mllz [Ref. 34d: pp. 5.13]. Table 5 lists the
authorized frequencies for amaicur satellitc communications, uplink and downlink [Ref.

28: Sect. 97.207-97.211).
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Table 5. AUTHORIZED FREQUENCIES FOR AMATEUR SAT-

ELLITES
BAND WAVE- | TELECOMMAND SPACE-TO-EARTH

LENGTH]| or

EARTH-TO-SPACE

MF 160 - -
HF 30 m - -
HF 75 m - .
HF 40 m 7.0-7.1 MH2z 7.0-7.1 Mz
HF 30 m - .
HF 20 m 14.0-14.258 MHz 14.0-14.25 Mhz
HF 17mto | All All

10m
VHf 6m - -
VHF 2m 144-146 Mtz 144-146 Mllz
VHF 1.25m - -
UHF 70 cm 435-438 MHz 435-438 MH2
UHF 33cem - -
LHF 23cm 12601270 Nz 1260-1270 M,
UHF 13 em 2400-2450 Mil, 2400-2450 Mz
SHF 9 cm 3.4-3.41 Gliz 3.4-3.41 GHz
SHF 5¢m 5.65-5.67 Gz 5.83-5.83 Gllz
SIIF 3em 10.453.10.50 Gllz 10.435-10.50 GHz
SIIF I.2cm 24.00.24,03 Gz 24.00-24.05 Gll17
CHF 6 mmto | All All

4 mm
EHF 2.5 mm - -
ElIF 2mmto | All All

1 mm

PANSAT has a 1 MHz bandwidth which, when centered on 437.25 MIiz, is contained
within the authorized band. Sharing requirements for this band are as follows [Ref. 28:

Sect. 97.303]:
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1. In adjacent ITU regions, frequency bands are allotted to different services of the
same category, the basic principle is the equality of right to operate. Operations
in one region should not interfere with operations from another region.

2. No amateur station transmitting in the 70 cm band may cause harmful interference
to, nor is protected from interference from, the government radiolocation service.

3. In Region 11, the 430-440 MHz is allotted to amateurs on a secondary basis. As
such, they cannot causc interference to any other nation’s radiolocation services.

Within each frequency band, amateurs are restricted in the tyvpes of missions which

are authorized. Table 6 sumunarizes the authorized emission types [Rell 28: Sect.
97.305]. Continuous Wave (CW) transmissions, also called International Morse Code,
is authorized in any band. In table 6, RTTY is a narrow-band telegraphy emission.
Data is computer communications emissions. Modulated Continuous Wave (MCW) is
tone modulated morse codc. Phone emissions are speech and other sounds. Image
enissions include television or facsimile. SS§ stands for spread spectruin communi-
cations. Test is an emission with no information, and lastly, pulse is a special type of

three symbol emission.
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Table 6. AUTHORIZED AMATEUR EMISSION TYPES

BAND WAVE- EMISSION TYPES AUTHORIZED
LENGTII
MF 160 m CW, RTTY, data, phone. image
HF 80 m CW, RTTY, data
HF 78 m CW, phone, image
HF 40 m CW, RTTY., data, phone, image
HF 30m CW, RTTY, data
HF 20mto 10 | CW, RTTY, data, phone, image
m
VHF 6mto 1.25 | CW, RTTY, data, MCW, phone, image,
m test
UHF 70 ¢cm CW, MCW, phone, image, RTTY, data,
SS. test
UIIF 33cm CW, MCW, phone, image, RTTY, data,
SS. test, pulse
UHF 23 cm CW, MCW, phone, image. RTTY, data,
SS. test
UHF 13 em CW, MCW, phone, image, RTTY, data,
SS. test, pulse
SHI 9cmto s CW, MCW, phone, image, RTTY, data.
cm SS. test, pulse
SHF Jem CW, MCW, phone, image, RTTY, data,
SS. test
SHF 1.2c¢cm CW, MCW, phone, mage, RTTY, daty,
SS. test, pulse
EHF 6mmtol CW, MCW, phone, image, RTTY, data,
mm S8, test, pulse

PANSAT uses a direct sequence spread spectrum communications system. Referring to
table €, spread spectrum is an authorized emission type in the 70 cm UHF band.

The FCC has placed a number of restrictions on the use of spread spectrum com-
munications. Spread spectrum communications cannot be used to encode a message so

that no onc else can read it. The purpose must be to faciiitute comnunications. To
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ccmply, NPS is required to make such things as schematics of PANSAT's

encoder’decoder circuit boards public so that all interested amateurs may use the assct.

These descriptions may be published in periodicals such as Orbit Magazine or the Am-
ateur Satellite Report newsletter. The non-cipher rule does not apply to the telecom-
mand portion of the transmission. The purpose here is to protect the security of the
satellite. Spread spectrum emissions are only authorized in locations where the amateur
service falls under the domain of the FCC. This is in the continental United States in
ITU Region II. It is unauthorized to transmit a spread spectrum signal across interna-
tional borders. The use of spread spectrum emissions also means that the satellite can-
not be the cause of harmful interference to other authorized users. PANSAT is also not
protected from harmful interfcrence causcd by authorized users. Hybrid spreading
techniques are not authorizéd. PANSAT cannot combine the frequency hopping and
direct sequence spreading techniques. Only spreading sequences from the output of one
binary linear feedback shift register are authorized. The shift register output sequence
cannot be altered before use. The peak power output cannot exceed 100 W. When or-
dered by the FCC, PANSAT 1nust be able to cease transmissions, restrict transmissions,
or produce a record which may be converted to the original message for all spread
spectrum transmussions. [Ref. 28: Sect. 97.311 and 97.419]

Station records must document all spread spectrum communications. The records
should contain information sufficient to allow the FCC to decode all traunsmitted infor-
mation. The records must be retained for one year after the last transmission. The fol-

lowing information, as a minimum, should be included in the records [Ref. 34: p. 243]:

I. A technical description of the transmitted signal.

2. Parametcrs describing the transmitted signal, such.as frequency, chip rate, code

rate, sprcading {unction, transmission protocol to include the method of achieving
synchronization and type of modulation.

3. Tyvpe of information, such as voice, data, television, facsimile, ctc.
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4. The method and frequency used for station identification.

5. The date time group of the beginning and ending of cach transmitted signal.

Perhaps the first step in licensing a satellite is obtaining an individual amateur op-
erator’s license. There are (ive classes of amateur licenses. Table 7 lists the classes of
licenses, the number of words per minute (WPM) requirced to be able to pass or receive
in the morse code test, the content of the written exam, and the priviieges allotted 10
cach class [Ref. 34: p. 2.2].

Table 7. AMATEUR OPERATOR LICENSE CLASSES

CLASS MORSE WRITTEN | PRIVILEGES
CODL EXAM
TEST

Novice 5 WkM Elementary | CW on 3700-3750,
theory and | 7100-7150, and
regulations | 21,100-21,200 kHz; CW

& RTTY on 28,100-28300
KHz; CW & SSB voice
on 28,300-28,500 Kilz;
All modes on
222.1-223.91 Milz and
1270-1295 M1z

Technician | 5 WPM Novice plus | All amateur privileges
technician above S0 MHz plus Nov-
level theory | ice HF privileges
and regu-
lations

General 13 WpM Technician | All amateur privileges ex-
plus gen- cept those reserved for
cral theory | Advance and Extra
and regu-
lations.

Advanced 13 WPM General All amateur privileges ex-
plus inter- cept those reserved for
mediate Extra
theorv

Extra 20 WPM Advance All amateur privileges,
plus special | frequencies listed in table
exam on
advanced
techniques
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All satellites launched into the amateur service must have a sponsor or trustee, who
is responsible for the proper operation of the satellitc. The sponsor/trustee must hold
a valid amateur extra class license [Ref. 28 : Sect. 97.407). At NPS, a permanent faculty
member seemed the best person to be PANSAT's sponsor trustec. Professor R.W,
Adler, who is currently upgrading his advanced license to an extra class license, is
PANSAT's sponsor/trustce. Any other persons wishing to operate the satellite and uti-
lize its communications capability must hold at least a technician class license [Ref. 34:
p- 5.13]. Referring to table 7, a technician class license is required to use the 435-438
MHz UHF band. It would be wise for several NI'S SSAG stalf members to obtain
amateur licenses to increase the flexibility of PANSAT's operating schedule.

The first step to either upgrade a license or to obtain a novice license is to fill out
an FCC form 610. Call or write the FCC local office to obtain FCC form 610 originals.
A copy of this form is provided as Appendix A. Perspective licensecs are reguired to
take both a morse code capability test and a written examination. The content of the
two types of examis are contained in table 7. Testing is perforined by accredited Volun-
teer Examiners (VEs). Vs fall under the American Radio Relay League's (ARRL)
Volunteer Examiner Coordinators (VECs). Testing is performed at thousands of lo-
cations throughout the country. 6
After the completion of the exams, the VLCs forward the application and test results to
the FCC’s Gettysburg, Pa. office within ten days. The FCC sends the individual the
amateur class license on an FCC form 660. Figure 32 shows an example of an FCC form

660. A copy of FCC form 660 must be maintained by the opcrator when transmitting

6 The ARRL,/VEC can provide information on exam locations. Their address is:
ARRL Headquarters
ARRL VEC Division
225 Main Street
Newington, Ct. 0011}
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Figure 32. Amateur License, FCC form 660

signals. Should someone fail either portion of the examination, there is no waiting pe-
riod for a retest [Ref. 34: pp. 2.1-2.14]. Licensing procedures and license classes for the
amateur service have continued to change ever since the first license was issued in 1912.
There is no reason to believe this evolution will not continue. Present licensing proce-
dures could be obsolete in a few years time. -Examine current sources for the present
requirements. - -

In conjunction with an operator’s license, a station license is also required. In most
instances, the station license is obtained at the same time as the operator’s license. This
is accomplished by completing the pertinent parts of FCC form 610. When the opera-
tor’s license arrives, the station license is also listed on the FCC form 660, as depicted
on the right portion of figure 32. The FCC used to issue licenses for Club or Military
Recreation Stations such as K6LY, the club station located at NPS. The Commission
has since decided not to issue any new club station licenses, however, the FCC will renew
any old club station licenses on FCC Form 610B (Ref. 34: p.- 4.10). A copy of FCC form

610B is included as Appendix B. NPS plans to initially use the NPS club station, lccated

at building 205 of the La Mesa housing complex, until a new ground station can be
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. | constructed on the NPS campus. Onc suggested location is on the roof of Spannagel
| Hall |
o Since no new club stations are being issued, a station trustce must be appointed. ' .
k ,: ', Professor Addler is the designated trustee for NPS’s ground station. The station uses
the trustee’s call sign. An FCC form 610 (see Appendix A) is uscd to renew the trustee

license, or in this case change the individual station address. Presently, licenses are valid

-

for a period of ten years. [Ref. 28: Sect 97.59]

T SR

When building a radio station, or more specifically putting up an antenna, another
L L federal agency called the Federal Aviation Administration (FAA) often becomes in-
L volved. This is especially true if the antenna is to go up near an airport, as is the case
' with the Monterey Airport. If the antenna structure is more than 200 feet above the
ground, FCC forrn 854 must be filed with the Commission and FAA form 7460-1 must
be filed with the FAA. FCC form 854 and FAA form 7360-1 are provided as Appendices
C and D, respectively. To obtain FCC form 854, contact the FCC local office. To get .
e FAA form 7460-1, contact the FAA’s regional office. 7
If the antenna structure is near a runway greater than 3250 feet in length, the station
must be within a glide slope of 100 to [ in order to avoid filing forms 854 and 7460-1,
To figure the highest possible height of the antenna structure without filing the two
“ forms, determine the distance to the closest runway. This value is approximately 5000
feet. So 2000

N 100/1 glideslope
without filing [Ref. 34: pp. 3.1-3.5]. However, if the antenna is constructed on the roof

= 50 (i, which is the highest tower which can be constructed

of a preexisting structure, an antcnna of less than 20 feet in height may be constructed

7 The address of the FAA’s Western Pacific Regional Office is:

Western Pacific Regional Office

Air TrafTic Division

15000 Aviation Bivd

Hawthorne. Ca. 90260 ’ -
phone: (213) 297-1182

§
[
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and be exemipt from the above rules. The rule states that a 20 foot grace distance is al-

lowed for antennas above ground, other natural features, or manmade structures ex-
cepting an antcnna tower [Refl 34: p. 3.5). Should an antenna go on the roof of
j

Spannagel, the six stories of Spannagel would provide ample elevation to avoid dis-
ruption of the link path to the satellitc. There should be no reason to raise the antenna
more than 20 feet above the roof. If it is deemed necessary to have an antenna higher
than 20 fect, on Spannagel or elsewhere, the above rules and filings would then apply.

In most cases, city and local government also get involved with antenna con-
struction. The federal government has protected the rights of amateurs to construct
antenna towers. This protcction is found in Amateur Radiv Preemption 101 FCC2d 952
{PRB-1) of 19 September 1983. This document reinforces the right to build a tower of
reasonable height. The determination of ‘reasonable,” however, is left up to the local
government's interpretation [Refll 34: p. 3.8]. It is a good idca to obtain a copy ol the
local zoning ordinances. These can be found at City Haull. These regulations describe
the uses and dimensional requirenients of stiuctures constructed in specific city zones.
Once a permit is obtained through city government, the local building inspector inspects
the tower to determine if it is safe [Ref. 34: p. 3.11]. Tor the NPS case, most, if not all,
of the municipal interaction is performed by NPS officials and not SSAG members. The
SSAG. however, hus to convince the NPS officials that such construction is needed.

Once the operator’s license and the station license arc taken care of, it is time to
notify the FCC of the intended satellite operation. Two pre-space operation notifica-
tions are required by the FCC prior to launch.

The first pre-space notification must be submitted within 27 months of the antic-
ipated launch date. Presently PANSAT's anticipated launch date is in July 1992. The
first notification. therefore, nceds to be submitted to the FCC in May 1990. The first

notification must provide information as required by Appendix 4 of the J7U Radiv
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Regulutions and Resolution No. 642 of the same [Ref. 28: Sect. 97.207). Appendix 4 is
a good guide to follow while writing the first notification. Resolution No. 642 of Ref.

35 recognizes the following factors [Ref. 35: Res. 942}):
1. Characteristics of earth stations in the amateur service vary widely.
2. Space stations are intended for multiple use.
3. Coordination between amateur sites is accomplished without formal procedures.
4. The burden of terminating harmful interference falls upon the authorizing admin-

“istration (the FCC in this casc).

Recognizing these factors about the amateur scrvice, Resolution No. 642 savs that not
all the information specified as rcquired in Appendix 3 and 4 of the Radio Regulations
apply to the amateur service. As such, only applicable information in the two appendi-
ces need be filed. As an example of a first pre-space notification, Appendix E contains
the notification sent to the FCC for PANSAT. In general, pre-space notifications con-
sist of the space operation date, the satellite service arca, orbital parameters and tech-
nical characteristics for both uplink and downlink.

A second pre-space notification is required to be sent to the Commission no later
than five months prior to intended launch. PANSA'T’s second notification must be filed
during February 1992. This notification must supply information as required by Ap-
pendix 3 and Resolution Neo. 642 of the I'TU Radio Regulations [Rel. 28: Scct. 97.2071,
‘The second notification is much like the first, but requests more detail. Appendin 3 of
the Radio Regulations is also an excellent guide to foliow when drafting the notification
An example of a second pre-space notification is provided as Appendin .

Prior to September 1989, three pre-space notifications were reguired at intervals of
27 months, 15 months and 3 months prior to launch. The FCC has been attempting to
make satcilite communications a bit easier. This is an example of that cflort. [Ref. 36:
Sect. 97.423]

Once the satellite has been launched and has started to transmit, a written in-space
notification must be submitted to the I'CC within 7 davs of the commencement of sat-
ellite operations. The in-space notification is actually a resubinission of the second no-
tification with all pertinent updates, such as the actual orbital parameters and anv last
minute changes. [Ref. 28: Sect. 97.207 and Ref. 34: p. 232)

The final notification required by the I'CC is the post-space notification. The
post-space notification is simply a written letter to the Commission stating the termi-
nation of space cperations and signal transmission.  The date time group of actual ter-
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mination should be included in the notification. The post-space notification must be
submitted within three months after space operations terminate. I1f the FCC had ordercd
a cessation of signal transmissions, then the post-space notification is required within
24 hours of termination. [Ref. 28: Scct. 97.207 and Ref. 34: p. 252j

Through what oflices do the notifications trave]? Each notification, once compiled
and checked for correctness, should be sent to the Private Radio Burcau, FCC,
Washington, D.C. 20554. When the Private Radio Bureau of the FCC receives the no-
tification, it is forwarded to the Frequency Liaison Branch, who logs the notification in.
This branch reviews it and forward the notification to the Treaty Branch. The Treaty
Branch checks it for correctness, as pertaining to international treaties and ITU re-
quirements. If there are no discrepancies, a copy is filed and the original, with an FCC
cover sheet, is forwarded to the II'RB of the ITU. The IFRB looks for possible inter-
national conflicts. Before filing the notification, it ic a good idea to call the I'CC Treaty
Branch (Mr. Frank Williams is the present Treaty Branch Chief, phone: (202) 653-8126)
to critique the notification over the phone to avoid delaye in processing.

Should the IFRB decide that there are no conlflicts, the IFRB publishes the infor-
mation contained in the notification in their weekly circular, of which tae U.S. state de-
partment reccives a copy. The organization requesting satellite licensing does not
reccive a direct acknowledgement fiom either the I'TU or the FCC. The FCC only
contacts the perspective licensec il there is a problem with the notification. The only
way to discover if a satellite has the ‘go ahcad’ is to monitor the ITU s wechly circular,
The I'CC also retains a copy of the weehly circular, so verifv with them when the satel-
lite’s ITU notification is anticipated. A normal delay time from the initial filing to the
I'IU’s publication of the notification is from [ive to six months. [Ref. 37)
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1X. FEDERAL AGENCY SATELLITE FREQUENCY ASSIGNMENT

Another method in which PANSAT could obtain a frequency channel is through the
NTIA instead of the FCC. The NTIA manages the frequency spectrum for those fre-
quencies allocated to the federal government. NPS falls under the Department of the
Navy, a governmmental organization, and should be eligible for consideration to obtain
a federally allotted frequency. |

NPS must first go through naval channels to initiate such a request. The request
would go to the Naval Electromagnetic Spectrum Center (NAVEMSCEN) in
Washington, D.C. The phone numbecr for the allocation division is (202) 282-2421, and
the number for the assignment division is (202) 282-2427. The Navy coordinates with
the NTIA to fulfil the request.

The NTIA does not use the same process as the FCC. Liceases are not issucd.
Instead, a two 'stcp process is used. First the requesting organization must request a
frequency allocation. A frequency allocation, as pertaining to the naval scrvice, is de-

fined:

The acknowlcdgement by the Chief of Naval Operations (CNO) that development
and or procurement ol C-L. equipment can be supported for operation on a specific
frequency or band of fiequencies within the radio frequency spectruni. [Rell 38: p.

2]

The Navy wishes to save money ¢:n the development of a system which causes harmful
interfcrence to an already existing svstem, resulting in the cancellation or restriction of
one of the two programs. The second step, after obtaining a frequency allocation, is to

request a frequency assignment. A frequency assignment is defined:

The discrete frequency or frequencies on which C-E equipment or a svstem is au-
thorized to operate within its allocated band at the location(s) designated and within
the constraints of the authorizing assignment. [Ref. 38: p. 2}
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The Administrator of the NTIA is the ultimate authority for managing frequency
use of DOD entities within the U.S.. The Department of Defense defines spectrum

management as follows:

The function where use of the radio frequency spectrum is controlled to ensurc the
electromagnetic compatability of communications-electronics svstems. Require-
ments for use of the radio frequency spectrum are presented, reviewed, and, to the
degree possible, satisficd for communications-electronics systems being acquired or
brought into use. [Ref. 39]

Frequency management within the Department of the NAVY (DON) is performed by
five categories of organizations: sponsors, managers. developers, users and coordinators.

A spectrum sponsor makes policy, provides project funding and gives overall lead-
ership and direction in the area of spectrum management. The office of the CNO is a
sponsor. The CNO is primarily interested in the authorization for frequency allocation
issue. The assignment function is performed by the managerial category. To accomplish
its spectrum management tasks, the office of the CNO coordinates with other govern-
mental agencics through various spectrum management forums in order to ensure sys-
tem compatability. As such, the CNO is responsible for all DON spectrum management
and for the Llectromagnetic Compatability pregrams (EMC). [Refl 40 Par. 01.03.0200]

A spectrum manager is responsible to ensure the most eflicient use of the KI" spec.
trum. The Director of NAVEMSCEN performs the managerial tasks which assist the
CNO with the allocation function, but is also concerned with the assignment function.
NAVEMSCEN  authorizes frequency  assignment  applications  after  assuring
electromagnetic compatability. NAVEMSCEN also participates with all levels of spac-
trum management (such as DON, DOD, allied, etc.) to develop management policy and
promote spectrum harmony. [Ref. 40: Par. 01.03.0300] _

Developers design and construct the electromagnetic systems that are needed to ac-
complish the mission of the Navy. The Chicf of Naval Material (NAVMAT) fills these

requirciments. NAVMAT is respunsible for all aspects of research and development of
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new radiating systems, short of actual authorization for assignment and ailocation. [Ref.
40: Par. 01.03.0400]

Spectrum users install and operate electromagnetic systems for the purpose of ful-
filling their respactive missions. The operational forces of the USN and USMC are the
spectrum users within DON. They are responsible to contsci the military use of fre-
quencies within their area of responsibility (AOR). This includes maintaining records
showing their use of frequencies. Users attempt to resolve any conflicts on the user level
to the best of their ability. Failing a solution, the conflicts are forwarded up the chain
of command for resolution. [Ref. 40 : Par. 01.03.0500]

Coordination is performed by Arca Frequency Coordinators (AFCs). AFCs exist
on a regional level and resolve frequency rlnanagcme'nt conflicts within their region.
There are two levels of AFCs: service level and DOD level. 8
AFCs also coordinate with nonmilitary organizations in the region to resolve conflicts
involving other governmental agencies or civilian organizations. {Ref. 40: Par.
01.03.0620]

An application for frequency allocation should be submitted as early as possible. via
the chain of command, when the intended use and frequency requirements are first
known. The ultimate destination of the application is the office of the CNO. The CNO
coordinates with the NTIA through the Navy's membership on the Interdepartment
Radio Advisory Committee (IRAC). The CNO uses this forum to make surc that all
prospective space systems are compatible with existing and planned systems [Ref. 38: p.
4]. The application should be made utilizing a DD form 1494. A copy of DD form 1494

is provided as Appendix G. For space systems, the review and approval process takes

8 The naval AFC in NPS’s region is:

Navy Frequency Coordinator
Western United States
Point Magu, Ca. 93042
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considerable time, from four to six vears [Ref. 40: Par. 0LOC.0320]. As an example,
FLTSATCOM required scven years to obtain a frequency allocation [Ref. 41]. Annex
C of Ref. 40 provides clear step by step directions for completing the comgplicated DD
form 1494,

If the Department of the Navy were funding PANSAT through the standard Navy
acquisition system, no major funds would be granted to the project until a frequency
allocation has been obtained [Ref. 40: Par. 01.0C.0100]. Ref. 40 provides a twelve step
process which should be followed to facilitate the approval of a frequency allocation
application. Figure 33 provides a flowchart of the twelve step process [Refl 40): Pur.
01.0C.0220]. A more thorough description of the process fpllows [Ref. 40: Par.
01.0C.220%

1. ldentify the mission: Define the needs of the system and the overall systein capa-
bilities.

)

Determine requirements: Relies upon the specific functions the systern must fullil,
such as communications, navigation. ECM, etc.

3. Identify implications: Conduct an overview of requirements and compare with the
state of present technology., Assess if this overview leads to the best suited fre-
quency ranges.

4. Determine allocation: Identify the potential frequency bands in which the system
could operate.

5. Electromagnetic enviromnent study: Consider all the users of the chosen frequency
band and conduct a study to determine if the new system will inter{ere.

6. Freguency band selection: Complcte DD form 1494 and fdrward through the chain
of command to the CNO.

7. Frequency allocation application: Complete DD form 1494 and forward through the
chain to CNO OP-941F. .

8. Intermediate headquarters action: Each addressee reviews the application {or accu-
racy and technical content, writes a reccommendation and forwards to the next ad-
dressce.

9. Review: The CNO and NAVEMSCEN review the validity of the application, its
EMC considerations and technical aspects. NAVEMSCLN makes its recommen-
dation ta the CNO.

10. Coordination: CNO validates the requirement, then coordinates with other services
through his membership on the U.S.  Military Conumunications and Llectronics
Board (USMCEB) and for space systems, with the NTIA through the IRAC.
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Figure 33. Frequency Allocation Application

11. Approval: After all requirements are met and all coordination accomplished, the
CNO approves the application and informs the request originator.
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12. Monitor: Monitor changes which mayv occur with the system. A new DD form
1494 must be submitted to change the allocated frequency band.

Table 8 provides a list of frequencies in the UHF, VHF bands which are allotted to
the federal government [Ref. 42: pp. 4.43-4.52]. Table 8 shows that PANSAT's desired
fre;]uency of 437.25 MHz is not slotted for governmental use, but is designated for am-
ateur service. [t is possible that 437.25 M1iz may still be used if technical justification
can be provided that this is a needed resource and that frequency is optimal. The tech-
nical justification must also show that the svstem will not cause harmful interference to
authorized users of the band [Ref. 38: p. C.1]. The CNO can grant a waiver to use the
desired frequency after proper coordination with the appropriate services, the FCC in
this instance. Other options include moving PANSAT's operating frequency to the
225-400 MHz band, whichi is alrcady allotted to military space operations. Another
possibility is to operate outside the UHF band, where other frequencies are allotted to
space research and operations. These {requencies are 137 MHz in the VHF band or 7-8
Gllz in the SHF band.

95

Wl

-



Table 8. UHF/VHF GOVERNMENTAL FREQUENCY ALLO-

CATIONS
BAND| FREQUENCY GOVERNMENT ALLOCATION
VHF | 137-138 MHz (*)Meteorological Satellite, Space

Operatior., Space Research

138-144

Fixed:. Mobile

144-148 Mllz

148-149.9 MHz

Fixed Mohile

149.9-150.05 MHz

(*)Radionavigation-Satellite

150.05-150.8 MHz

Fixed Mobile

150.8-162.0125 MH7

162.0125-173.2 Mz

Fixed. Mobile

173.2-173.4 Milz

173.4-174 MHz

Fixed Mohile

174-216 M}z

216-220 M1z

{*)»Maritime. Mobile

220-225 Mllz

(*)FFixed Mobile

225-228.6 MHz

Military-Satellite

UHF

328.6-335.2

(*)Aeronautical Radionavigation

335.4.399.9 NMHz

Militarv-Satclite

399.9-400.05 M1,

{*)Radionavigation-Satellite

400.05-400.15 Mtz

(*)Standard Irequency and Time
Signal Satellite

400.15-401 Mllz

(*)Space Rescarch, Meteorological-
Satellite. Space Operation

doi-401 Mllz

(*)Space Operation

402-Ju6 Mliz

(*)Metcorological Aids

406-406.1 MIlz

(*)Mobile-Satellite

406.1-410 MHz7

Fixed Mobile. (*)Radio Astronomy

420-450 M1l

Radiolocation

4530-460 MHz7

460-470 Mz

Mcteorological-Satellite -

370-512 M1z
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Note an (*) indicates use on a shared basis with non-governinental m&& Before any
radiating equipment can be uperated in the military service, both a frequency allocation
and a frequency assignment are required. Frequency assignments should be initiated
soon after the allocation application is approved and the test site data is known. The
frequency assignment request is sent in standard message format callca the Standard
Frequency Action Format (SFAF). The SFAF is sent through the Navy AFC, at Point
Magu, to NAVEMSCEN. NAVEMSCEN is responsible for the approval of frequency
assignments [Ref. 38: pp. 3-8]. The latest date at which an SFAF can be sent and ap-
proved is 90 days prior to tie actual operation date [Ref. 40: Par, 01.0D.0204{. Annex
D of Ref 40 has the appropriate formats and codes for SFATs of various system types.
The pertinent SFAF entries which apply for earth-to-spact and space-to-earth systems
are included in Appendix H {Refl. 40 pp. D.43-D.44). An example of a completed mes-
sage for PANSAT in the Eartii-to-space direction is also provided in Appendix 11. An
additional SFAT would be required to be sent for the space-to-carth direction.

The most important factor considered when CNO and NAVEMSCLN allocate and
assign frequencies, respectively, is Electromagnetic Compatability (EMC). EMC is de-

fined as follows:

The condition that prevails when telecommunications equipment is performing its
individually designed function in a common electromagnetic environment without
causing or suffening unacceptable degradation due to unintentional electromagnctic
interference to or from other equipment in the same environment. [Ref. 4u: Par.
01.0A.0100}
An EMC survey must be performed by the recuesting organization prior to submitting
the frequency allocation request. The results of the EMC survey are included with the
submission of the DD form 1494,

The string of organizations through which the application forms must tra /el is ex-
tensive. The first application to ascend the chain is the DD form 1494. The DD form
1494 journeyvs through all the intermediate headquarters and eventually arrives at the
CNO's office. The CNO sends the request to the USMCEB. Through the IRAC, the
CNO coordinates with the NTIA and the FCC. At the USMCEB, the J12 working
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group assesses the request and gives it a I12 code. The J12 code is an entry on the
SFAF, used when requesting a channel assignment within an allocated frequency band.
The request next goes to the NTIA and the national level. The Spectrum Planning
Subcommittee, @ working group of the IRAC, examines the request and approves it.
Once approved, the Satellite Systems Group (SSG), another working group of the
IRAC, study the request. This group requires an advance notification, which follows the
format of Appendix 4 of the ITU Radio Regulations. This notification is identical to the
first pre-space notification filed under amateur rules. " If the frequency band is shared
with other nations, a notification following Appendix 3 of the ITU Radio Reguiations
is also required. This is identical to the amatcur second pre-space notification. Once the
SSG approves the request, the application goes to the international level. The advanced
notification(s) is forwarded through the U.S. State Department to the IFRB in Geneva.
The IFRB looks for possible international conflicts. Barring none, the II'RB publishes
the notification in the ITU weekly circular. The allocation application is now f{inally
approved. The entire process can take six years to accomplisi: for a satellite svstem.
[Ref. 41} ,

Once the frequency band is allocated, it is much easier to get a channel assignment
within the allocated band. The SFAF message is sent, via the AFC, to NAVEMSCEN.
With some coordination along the way, NAVEMSCEN can usually approve the as-
signment request within thice months. If the frequency is in a military only band, such
as 225-400 Mz, the assignment request is sent up to the USMCLEB for approval.
Within the geographical area of operation, the frequency proposal is donc in coordi-
nation with the area commander, such as CINCPACILT. Should other conflicts be
forescen, coordination mav also have to be done with the Allicd Radio Frequency Board
in Brussels, or with the Combincd Communication Electronics Board, which is com-
prised of english speaking nations. [Ref. 41}

The military satellite frequency band from 225 to 400 Milz is a very crowded band.
A wide variety of systems use that particular band. As a result, it is often difficult to
obtain an operational {requency assignment in that band. It is easier to get an cxper-
imental military frequency assignment. Experimental assignments arc only valid for two
years. Since PANSAT's design life is under two years, such an assignment fulfils
PANSAT's necds. The procedure for getting such a frequency assignment is identical
to obtaining an operational assignment, except the project is denoted as being in stage

i on the DD form 1494, Another solution to the crowded 225-400 MIlz band prohlem
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is to use another band, such as 7-8 Gllz, provided it sutisfics PANSAT's requirements.
[Ref. 41}

Classificd satellites do not have to endure this allocation and assignment process.
It makes no sense to have the ITU publish the advance notification of a U.S. black
svstem. These satellites, however, are not afforded protection from harmful interference.
Hostile nations may jam them at will without facing international rebuke (in public at
least).

While the governmental route of obtaining a frequency channel for PANSAT is
available, the quickest method is to proceed via the amateur route. The amateur license
process requires 27 months of lead time, as compared to six years through the naval
process. The desired 437.25 Mliz is also not allocated for government usc. There is
much more paperwork, inciuding an EMC survey, and the application must survive sc-
veral boards. With a military channel, however, there is a much smaller emphasis on
operator qualifications. It is also easier to make contacts within the DON, so as to kecp
appraised ol the request status. This allocation process is possible, but should be used
only il the amateur process should fail. Should PANSAT usc a comununications system
which has alrcady gone througl the allocation process, it ay be possible to bypass the
long allocation process, or at least part of it, and procced directly to the assignment
phase. Using an experimental frequency assignment designator should alse specd up the
process. The amateur approach seemis best suited for PANSAT, but for a more complex
svstemn, in which restricted satellite access is desirable, the [ederal license approach may
be better suited.
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X. EXPERIMENTAL SATELLITE LICENSING

Another way to license PANSAT is as an experimental satellite. This experimental
satellite uses a difTerent approach than for a military experimental satellite. The filing
is done under Part S of Ref. 28. To utilize a Part § filing, NPS would have to convince
the FCC that NPS’s SSAG was not acting as an entity of a {ederal agency or depart-
ment. As a federal agency, NPS would be required to use the military experimental
route discussed in the previous chapter. |Ref. 43|

The Experimental Radio Service is defined as follows:

A service in which radio waves are emploved fur purposes of experimentation in the
radio .t or for purposes of providing essentia’ :ommunications for rescarch projects
which could not be conducted without the bunelit of such communications. [Ref.
28: Sect. 5.3(¢)}

PANSAT could be described nicely by this definition. In the experimental service's
scope of service there are several types of operations listed. Two of the listed operations

could apply directly to PANSAT {Ref. 28: Scct <202
L. Experimentations in scientific or technical radio research.

2. Communications essential to a research project.

The spread spectrum conununications system satisfies the first operation type and
PANSAT's experimental payload is of the second type.

Tiling under part § for a space based radio station is done in the same manner as for
an carth based station. The licensce must be a qualificd radio operator able to mahe
necessary transmitter adjustments.  The licensee is also responsible to ensure that all
operators arc so qualified [Ref. 28: Sect. §.1551.  Station authorizations in the c\per-
imental service are granted only to qualified individuals whosc experiment fulfils onc of
the two scope of service types as listed in the previous paragraph.

Any frequency listed in the Table of i'requency Allocations (an extensive table in
Part 2 of Ref. 28), both governmental and nongovernmental, but excluding the amateur
band, may be used ‘b}' the Lxperimental Radio Service if 1t is deenied available for such
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service [Ref. 28: Sect. 5.203 and Ref. 43). PANSAT's frequency of 437.25 M1z is in the
amateur band and thercfore is not available for use in this service. All experimental ra-
dio frequencies arc to be utilized on a sccondary or sharing basis. As such, the exper-
imental systems cannot cause harnful inter(erence to authorized users. Other general
restrictions limit transinission times to the minimum time practical to completc the
mission. Radiated power is also limited to the lowest practical value. Licensecs are
authorized to transmit only when necessary and directly related to the experiment. [Ref.
28: Sect. 5.151)

The experimental licensc is good for a period of two years. Each of the experimental
stations are required to maintain written rccords of operation for a period of one vear
after a transmission. The content of the station records should include [Ref. 28: Sect.
5.163):

1. Date time group of the operation.

2. Frequencics used.

3. Power.

4. Emission tyvpe.

5. A chronological record of experimentation conducted.

6. Operator’s name and signature.

The Commission Jdoes not require a report containing the results of the expenment.

To apply for a license to construct and operate a station in the experimental service,
FCC form 442 is usced. A copy of FCC form 442 is provided as Appendix I. A separate
FCC form 442 is required to be submitted for cach station. PANSA T requires two such
applications, one for the ground staticn and onc for the satellite. Applications nced to
be submittcd to the I'CC at least 60 dave prior to the dute of anticipated operations.
Should PANSAT exceed a two vear lifctime, it would be necessary to appiy for a livense
renewal. This is done with an F'CC form J0S. A copy of FCC form 403 is provided as
Appendix J. Only one I'CC form Ju5 need be submitted for the entire system. [Ref.
2%: Sect. 5.55] These forms should be sent to the Frequency Liaison Branch of the I'CC,
at their Washington oflice. The license is processed through the Office of Science and
Technology. 7

The amateur license approach is a more attractive option than the experimental
route. [irst and foremost, it would be most dillicult to convinge the 1'CC that the SSAG
wias not acting as an éntil}' of the federul government, the DON specifically. The desired
frequency band of 435428 MI12 could not be mude available for experimental use. The

1



two year time limit does not provide for much flexibility, although an extension may be
requested. The numerous operational restrictions would limit PANSAT's availability
as a teaching tool. - However, the 60 day lcad time is the smallest of all the services dis-
cussed. Depending upon the FCC's perception of NPS's SSAG, [ederal or not, the ex-
perimental service prescnts a viable licensing option.
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XI1. FINAL COMMENTS

This thesis began by examining general design considerations for any satellite and
specific design considerations for PANSAT and its different systems. The design process
was found to be a most complex exercise in which many seemingly unrelated tasks are
woven together to create an operational satellite. ‘Operational’ is the first key adjective.
The ultimate goal of every satellite and each of its su&ystem is to be operational. Be-
fore any design questions can be answered, the intendcd mission of the space system hus
to be determined. All subsequent design strives to fulfil the statcd mission requirements
in an afTordable manner. The second important adjective is ‘aflfordable,” or stated in its
more basic form, monetary consideration. While fulfilling a mission is the reason for
building a satellite, financial sponsors want a cost-effective system that does not either
bankrupt the company or encompass 50", of the defense budget. All other design con-
siderations discussed in the thesis such as physical limitations, reliability and perform-
ance, are directly alTected by the two key design considerations. These important
considerations ask the question: What is the system supposed to do, and how much is
to be spent building it? It could be said that mission requirements start the project
moving and monetary considerations impede that progress.

The design considerations discusscd in the thesis are valid regardless of the size of
the project. Granted, designing a satellite system such as MILS AR is infinitely more
complex than the relatively simple PANSAT, however, the same types of quesiions arise
and the same pattern of evolution of idcas is folluced in both instances.

The sccond portion of this study addressed the satellite licensing process. It was
determined that three epticns existed in which PANSAT ¢ould ot: *n an operating [re-

quency. These options were to categorize PANSAT as ¢ither an amateur, military or
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experimental satellite. The option being pursued by NPS is the amateur satellite classi-
fication. Advantages of the amateur option include the availability of the desired
435-438 MHz frequency band, the relatively simple application process. and the limited
number of operational restrictions. The main disadvantage is that as an amateur satel-
iite, PANSAT must be made available to all authorized amateur users and cannot be
restricted to NT'S usage. The amateur service also stresses formal operator qualifications
more than the other two available options.

The military satellite classification was the first option examined. It was in fact
NAVEMSCEN who first suggested that NPS pursue the amateur option. The advan-
tages of this option are that PANSAT could be used as a dedicated N\PS satcllite, not
available to the general public, and that opcrator qualifications arc not stressed. Dis-
advantages include a very crowded UIIF frequency band, the very complex and drawn
out two stage frequency application process, the need to conduct an EMC study, and
the massive coordination required to actually use the frequency after it has been as.
signed. This type of satcllite frequency assignment process is designed morc for misjor
DOD projects such as FLTSATCOM or MILSTAR, in which hundreds of millions of
Jollars are expended and the project takes 10 to 15 vears to design and build anyway.
The process is not really conducive to & university's small inexpensive experimental sat-
ellite whose intent is to provide actual space operational experience to space system
students. Should this method bc >pursued. it would be best to classify the satellite as a
military experimental satellite in order to reduce frequency application processing time.

An experimental satellite clussification would be the option of choice for PANSAT
if NPS were a civilian university. Being a military institution, however, it would be dif-
ficult, if not impossible, to convince the FCC to give PANSAT experimental status. The
FCC would probably insist that the satellite should be classificd as a military exper-

imental satcellite, as in the prior paragraph. Advantages of the experimental option in-
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clude the availability of any frequency band (except the amateur band). the satellitc as
a dedicated NPS platform, an extremely simplec frequency application process, and a two
month responsc time to the application. Disadvantages include increased operational
restrictions and a limited license duration.

Summarizing the license options, an experimental satellite classification is desirablc,
but probably not feasible. This jeaves an amateur satellite classification for PANSAT
as the option of choice. The military experimental classification is available, but not
tailor fit for a satellite such as PANSAT.

The amatcur option has been chosen, but there is still future work to perform. The
first pre-space notice has already been sent to the FCC for filing with the IFRB. Future
work on the licensing process include filing the second pre-space notification five months
prior to ihe anticipated launch date. Once operational, an in-space notice should be
filed. Tinally upon svstem termination, a post-space notice is filed. Belore dralting any
of these notices, the current edition of the pertinent references should be consulted.
Federal rules and requirements, especially in the amateur service, are rapidly changing.
Two years from this date, there could be vast changes to the requirements involving this

constantly evolving ficld,
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APPENDIX A. SAMPLE FCC FORM 610 .

PEORRAL COMMUNICATIONS COMMIBSION Approved OMB
£.0. Bex 1020 3060-0003
QLTTYSBURG, PA 17324 Expires 12/31/09

APPLICATION FOR AMATEUR RADIO STATION AND/OR OPERATOR LICENSE
NO FCC PILING FEZ ARQUIRED (boe instrvchion M)
ADMINISTERING VIS’ REPOAT EXAMINATION ELAMENTS
[ Apphasst la srodited for g LI T AT N I I T T )
A $OC Amataur Neanae Mid (§7.25(a)): Jcm- NT) | (Y 24 (NTaA) | (Taa) [ (0a)

e waet | G tmns | Gont tenay | o metn | Do s | Lms miesd

8. CERTIECATES) OF SUCCESSFUL COMPLETION OF AN
EXAMINATION HEELD (97.280))
€. FCC Commercia! Madiolelegraph ‘[ Numbe!
Opdimiar f.iconse heid (97.28ic)) 1
0. Examination sisments passed that wels adminisiered
ol live sesaion
. _APBLICANT lipd 4 1ater licanss elass. O None_ N. Dale ot VEC coordinated axaminatan ession !
VICE {Ewments 1{A) (B) o1 Y(C)and 2)
. TECHNICIAN (Risments 1(A), 1{B). or 1(C}, 2 and MA): 1. VEC Recepi Dats |
D QENEAAL (Blements 1(8) &¢ 1(C). 2, XA). and JH)) .
D abvanceD {@iements 1) or 1(C). 2. HA). AB) and 4(A)}
D AMATEUR EXTRA  (Ewmants 1(C). . XA), XBJ, (A}, and 4(B))

e

P Name of [ | Coordi vic only}

Q. Examinaion sesaton location (VEC coordinated ssmons only) ’

SECTION |
1. 1P YOU HOLD A VALID LICENSE ATTACH THE ORIGINAL LICENSE OR PHOTOCOBY ON SACK, OF APPLICATION. IF THE VALID LICENSE .
OR CENTIFICATE OF SUCCRSSFUL COMPLETION OF AN EXAMINATION WAS LOB'T OR DESTROYED. PLEABE EXPLAIN. ;

3. CHECK ONI OM MORE 1Y EMS, NOAMALLY ALL [ICENANE ARE IBAUED FOR A 10 VEAR TEAM. !
2A.  (JRENEW LICENSE - NO OTHER CHANGEY e | EXPIRATION DATE (Month. Day. Year) :
20 (OMEINSTATE LICENSE KXPINED LESS THAN 2 YEARS ———soemci | X
2. DJEXAMINATION FOR NEW LICENSE — }
0. [JEXAMINATION 10 UPGRADE OPERATOR CLASS | FORMER LAST NAME BURKIX (Jr §r . atc) \

|

] 28, TICHANGE CALL SIGN {Be sute you ate ehgibie - See Inat 2E) L

| 2r. [ICHANGE NAME (Gwve tormar name) — I',ow“ FIRET NANE MIDOLE N A

20.  [JCHANGE MAILING AODHESS |

| . [ICHANGE BTATION LOCATION S S
2. GALL SIGN JIt you chachec 20 Abore 381D Hems 3 and h 14 OPERAYOR CLASS OF THE ATTACHED LICENS

e e e et e e e e i d e s e = e ot et e
r‘ CUHRENT FIRST NAME Wi _! LAST NAME SUFFIX (o1 5- m) I DATE OF smm lMuw- Oay V!n'l

7. CURRENT MAILING ADDRESS j1umbe: snd Stevs, .ciry

8. CURRENT STATION LOCAHON Du ot use a PO !o- Nc RFU Na or Oo ! Dcilnév'{ 40 insiruchion B
(181

hcan onvuoumln!nl etect av thoa by s.cnon 1 I:O? ot ihe | ¢
L AR e YES o NO

[ A Would 13 rani o your IDDI Culron b
Comm:monl hmuﬂ e inabuction 9 1t vou an

10. Do you have any othar am,

answs llams 11 and 12 ves [ WO |

11. PURPOSE OF DTHER APPLICATION —T 12 DATE SUBMITTED {Month Lay ¥
CERTIFICATIONR .

' 1 CERTIFY THAT of! stalonients hergin and atischmeniy herowiih are ltue compleie and currecl 10 1he Dest o My anowledge and beii 'l and &'e mads in ! .
@ovd tailh. Ihat ta proasen + ol 8 loreign government. Ihal | waive any Cisim 10 he use u! sny pariculs: reausncy (egardis s of pHor use by !
liconss of othgrwile. and 1hat (he Balun 10 be will b8 o una D.lwﬂt j
r‘ WILLFUL FALSE STATEMENTS MADE ON THIS vom OR ATTACHMENTS ARE PUNISHA IV FINI AND IMIRIIONME' l
U.8. CODE TITLA 10, SECTION 1001 :
- - et e imrw i me s——  m———
13. BIGNATURE OF APPLICANT (Must match nem §) {14, OAYE SIGNED J
P

YER T T e _—""‘ ;0
(OvER) Copte opge 1982
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FCCf

orm 610 (continued)

ATTACH THE ORIGINAL LICENSE OR PHOTOCOPY HERE

[

|

SECTION 1= EXAMINATION INFORMATION

SECTION 1.4 FOR NOVICE OPERATOR EXAMINATION ONLY. T0 be somplote by ihe A 3 VEs aiar completing ihe A T
Aeport on the other aige of this term. et s vt v w e Srmimnns
CERTIHCATION
1 CERTIRY THAT | have with the A W VE req slaied in Pant 97 ot the Commigpion's Rules THAT ! have adminiierad lo the
anplvan wnd graded an radio npe M "n with Part 97 ot lhe Commisaion s Ruies THAT | have indicaled in the Adminiater-
ing VE'r Mepont the e the ap passed THAT | have examined documents heid by the applican’ #na | have INdicAIed «n the Ad
mirugiening VE's Repert the examination siemenl 1ot whieh the apphcent s given zreditin with Pan 97 of the Commisson s Rules

1A JOLUNTERR EXAMINEM 8 NAME (First. M. Last. Bullix) (Pring o2 Tyie!

16. VES OPEMATOR CLASS 8. VES BTATION GALL SIGN
.03 oenma [ _abvanceo D3 amareun extma —
16, LICENSE EXPIRATION DATE 1R, IR YOU MAVE AN APPLIGATION PENDING FOR YOUR LIGENBE.
J QIVE FILING DATE
18 SIONATURE. (Musl match ilem VA) I DATE SIGNED

1B VES MAILING ADORESS iNumber, Birssl, City. Siate. 2IF Codel

2A. VOLUNTEER BXAMINER'S NAME (Firel, ML, Last. Sullin) (Print or Type!

10, VES MAIING ADORR 86 (Numbe:. Rilesl. Citv Biale. 2P Code)

2€7 Vi § OPERATOR GLASE {726, VERSTATION TALL §iGh ™

B3 bEweRay £ AnvAnceR CJ AMATEUR EXTRA L .

3. LICTNBE ERPIRATION DATE I iF ¥ YOU HAVE AN APFUICATION PENDING FOR VEUR LIGENGE ™"
QIVE FILING DATE

BiaNEE

GNATURE (Musi mateh Hem 2A)

SECTION i1-8 FOR TECHNICIAN. GENERAL, ADVANCED, OR AMATEUR EXTRA OPERATOR EXAMINATION ONLY. To be compisied by ihe Ad:
mini g vEs stiet pleling the A ing VEs Mepon on the oIhet wide of this torm )

CURTIFICATION

1 { CERTIFY THAT | have complied with the A 1 VE raquiry Is stinted in Pan 97 of the Commuagion sy Rylua THAT | have adminipiered Io [he
aphhcant and graded sn amaleut tadio operaivr gaaminat-un in accordance with Pert 97 ol the Commussion s Rules THAT | hgve indicaled 1 the Adminislet i
ng VE « Aeport Ine eaamination eiemaniis) the spplicant passed THAY (have @ ned documents haid by the appicant and | hava indicated n the Ad

minigte ng VE § Report 1he examinalion ¢lement(s} for which [he applican! 16 grven gu Bminahon crecst in accorgance with Part 87 of Ihe Commupian & Ruins |

1A VOUUNTERR EXANERS NAME (Fut i Laat 8uiley (Binf or Bype ™77 7 7 777777 7T 3 VE § BtAT \
H
[ V& SIBNETURE TMuil maich fiem A1 7"~ 7777 ToUoTomomrmem oI o T A SGREDT T T T
K. VOLUNTCUR UXAMINERS NAME (Frrat Wi, Lan, Sulls| (Pini o Type! 8. VEGD STATION CALL BIGN
"3 SIGNATURE TMun maich iiem 24) D T T T I BAYE BoiES T T T T T
A, VOLUNTEER EXAMINER S NAME (Firal M!, Lasi. Suthil (Prnt or Typer 3B, VER STATION CALL 81GN
[3%. " HGNATURE (Musi maich flem JA) TTUTTITITIR T T BATE BONEDT T T T
FCC Foern 810 US GOVERMMENT PATIING DPFICT 1007 190 088 (m]
Seplember 1987
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APPENDIN B, SAMPLE FCC FORM 610B

Featrs Communications Commag.or Approved by OMB
" B 1020 3040:0079
aemanss PA 11330 Capires 0:21508

APPLICATION TO RENEW OR MODIFY AN AMATRUR CLUS,
RACES OR MILITARY RECREATION STATION LICENSE

OF SURE TC RIAD INSTRUCTIONS ON REVEASE 3IDE PLEASE PAINT OR TYPR

ATTACH PRUBINT CLUS, RACES R MILITARY RECAEATION LICENSE OR PHOYOCOAY THRAEOR TO THE BACK OF APPLICATION. If THY LICENTE
HAS BREN LOST OA DESTMOYID, ATIATH EXPLANATION

1. CLUB. RACES OR MILITARY RECREATION BTATION CALL 0ION. UXPRATION DATE:

3. NAME OF CLul STATION TAUSTEL OR LICENSE CUSTODIAN: (Paat. ML, Lawt, Suttin) 3 DATH OF BINTH: [Mon.1.Day, Yeun

4 CURKINT MAILING ADORESS  tNumbar and Strast. City, Siste 2P Code!

§ CURRENT STATION LOCAYION (INumber ang Blraet Cuty Biate.

6 NAME OF CLUB RACKS CRGANIZATION OR MILITARY ARCAEATION RivTITY

T OTRUSTEES PHIMARY $TATION CALL SIGN TRUSTEF'S CPEHATOR CLASE EXPIRATION DATE

8 1t rusten nas 4ny other amaleut 186:0 BDGICILDN on Tl #ith the Commgion hal Nas AGT DUER 451ed UBONR SHHIE 1KY BuibOSS NG ABtY Jubmilted

CEIRTINICATIONS

! SFRCIAL [ CERYIEY (hat the aDOVE-named DArON i§ the 3181i0N 11,9108 of ICENSE CuILOdIBN SUINGIINE 1O Spply 187 ang hold an dmateut
180-7 NRAt-or hcanpe Lo IR 92gNIERND~ ROCIMYy 07 ERLty

WILLFUL PALEE STATEMENTE MADL OK Thil FORM ARE PUNISHABLE BY FINE AND IMPRISONMENT. US. CODE. TITLE 14. BICTION 1001,

8 Sgnature  Must "ol agrae mih item 2: (Taie or authotty to & peov Date higned

AP=ICAN' TCEMTIEY that g1l statimants Retain And PHACAMENTE NEtOWIth 818 11U COMOIELE BAY COHEC! Lo the bEST 0! my knOwivdge and bane! and
818 Mpae A GOt 1nlh thaliam nal The represantitive 0f 8 10igign governmaeni. that | waive #ny Gigwm 10 the use of dny parliguids Iteguency regaidisne
0! 01101 v Dy cona® 01 Dthe'wind. that ihe stanon to BN liew will be o

WILLFUL FALBE BTATEMEINTS MARE ON THIB FORM ARL PUNISHABLE BY FINR AND IMPRISONMENT U S COOL TITLR 18, SECTION 1004

10 Aupucant & Signature tMubt agree with itam Oste Signed

$CCrom 8 0H
Marcn 988




APPENDIX C. SAMPLE FCC FORM 3854

Fo3010 Commumaations Comm-iaon Aww'& oo:g
Raquest for Approval of Proposed Amateur Radiv Antenns and Notification of Aetion Lapires d-30 96
-
Instruttions #C0 USE ONLY
¢ Compiats this term oary it the MOIght of 1he anteang will sncesd - Appraved by
€3 94 mewrs 00 feet: or -
100 of the minwnum distancd betwesn the §Atenng e 4nd dnv BIsal landitg a4 Date- !

o Ml thit appiigahon to the FLC Antenna Survev Branth Waaningion O.C 20644

L]
Sse BUiaments oa bach (T No obatrucuon marking required.

1. Kt Neww M Lost Name

D Qvatruction meming required.
H Maiing AGJteas  Number & Suer!

Crom neoat, mem :

City State 21# Coow 1 Amateur Sl Bgn
D form 7184 par

4. Anlanna .peauon

NOTE 74 lind the north iguiuds west I0nQIuoe Snd Kite $VALON of the antenna lSAtON. yse 3 7.8 minute 10
Mmay be DurLhesed hrom tNG Geologinal Survey Washingion. 0 €. 20042 & U B Geowogieal bum
must getermie vour north Bitude And west IONRQIUGE 8M8 WeIt ILNQiluOR 1o the NedTest Mond

BDNE quagtangie map Thi
vor. Colorade B0AE You

' [T Minutes Secondy Doytens Minytas Saconcn

North wasl
L Lautuoe l . Longitude

B Cheen the tybe of Jupbomrt BiruEture DIUCONES 1bF IRe 8RS, L) Tower L. Foit o BIdg i OtAr BDICIA T st

6 100 Give the OVBLOA of the Ground BOCVE AN B4 Mvel AL BNIENAE BV L e Tent
(b1 Qi IR0 Oviidl REgh! 81 Thy ENLENAG SLIVETe above ground ieve JR—
e} The overdil heght above mean 888 leve W dac &o) snc b . nye— ]

WL thig antenng Hegure maulicationr o procossd consteuttion 16 tng FAL? : Yes : No Ses BCC Ry & Reguistions Becion 17 7 &
124 it e jwe the foliowing nforeatior

-l \ocstion A FAA OMica Natitad l‘ [ Oy ol Netification PAA Btudy Number |
I
B Wil R anleens sRae an guting SUuctule” : 9 : Ne I CYen give the toidwing informatior
[ Name of Licerser .r FCC Cav hign Mo $ervice J
[ xl % L

| eartty thu' | gen the ybove-namad ALIDICEnT Ind that Al BIRTEMEATY MANME 0N th J0Due IUN And Shy ATEEAMENE RATBLD (8 Hue #NY OMUIRLE 10 the het!
of My nowisage

Sigrature Cete I A willtully false statement is 8 criminai oftense U 8 Lo
i Yitle 10 Bection 1001

SCC USE Ol 1

When vaudateg by the FCC Bear this form ard any gnachment: st became pant of v0ur margu! 14010 SLALON HEIRBE KBGO0 1t with your ttalion Hies
NOTL  THIS 'B NOT AN AUTHONIZATION TO TRANSMIT

L ieanged b Name Amaisue Call $ign Losglian ol Antanrg

! ! I -

Antennd Conidingt

Aanin vertude Wes: Longiude {73 antenns nagnt soproves a1
Degress - Minute - Beconds|Degress - Minytes - Beconds

toey 'AGL

D No obsruction maruing

Aermanne

r———-——, DMMIM & Lighted per FCC Farmagy-
I ! D "

-t Coomarer e
Loas
CC o
Jung TR
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APPENDINX D. SAMPLE FAA FORNM 7460-1

|
] -
DO AT REMOVE CARBONS Frum Aspigepe UME N 121 uw“

A ¢
Avisnduiiaa Tiully humie:

o S NOTICE OF PROPOSED CONSTAUCTION OR ALTERATION

. Rl
Vil ¥ Canl [T T 08 POt Sn8 g Taeene o
LYoy » O oM B MDY AM TN D' TV DIOSOCSY
U e Contirungr Q b ' Seginning HAHONY Llnting 'hn Stiugiuie
D arersinr (= - W — v ing e incioee s . o powe et
34 Nome and address of indvidusl. company. corpoialion, eie. proposing the 319 It buBooII fomerd 1 1h0 witiniy o #A4 Intiniiey
OONNINICLION O BILOTBLION. 1Fumbe: buse: City Bibd 008 3:p Cooe 08 putit dipony
T INvee A malon ShowAg §IP SHERI IR 8:MPALONY
t ] ——— ARG COAMILEIDA MPIPr-§ih B ihg PIOBONSE Rituelure
ey mvy Totphare Wumbe

R |

o

SR 1PMDNONY Fuingst O EYOPINGALE 1857G00N1AIVE 1 BINBIOAL INGR ) BbOW

T MV S840 110GV LORINUE B § MDI'AIE ENR! ¢

i
h
. O Lan of Sirveture , Helght and Eievat 1EOMBNIS 10 1M A040i! oo |
N A Covanan '1! Nearoqt Cily 0/ Tp@A 10 bidie © Pame o haaeN hiipon hepuA Tigripas TA Fieedhon 6 118 400 mean Wb e
} ITo Apg ¢1- patond O MaMate iy
[) - n T P Gmiand e 1t 4f A Dance oM Srgtig Wb PNIEY poAl o) 18 m.'m.."!.ihl:'u:?:‘.or::‘wmg " awom
vl appun! @hLing 11 ghy!
Mug | opwiunes $10ine & 1w 192 Lhmbe .
9 T i ovetuan ic ab 13- Cigehion Iram Aiueiv'e 1t B pos U B ABOv DT WA S 40 B
) RLRES
[ N D N R S N T " g el gt i18h #1$ING KUt atey 1t AUBSE B f A3
48R $h0@ "7 1h 1RIAIIDMYNID OF EBRHIULIGH SE 1D RN BIDORI 1 Mt HIOQUIRY SOTINE 0P ¢ OEH B NI O PO

[Ravee s raaunir i Bar T oriig Toaura. Avibror Regwdromt: 4G 7 K Fer T rourwbn e Toeo 110

BEritet) mRE anQSIg.) 470 BilRgy O8I0 1N NDILH 19y SMPAIE Lt B471 11 g1y JULAT! )

ot ing na ACIOTTDBE @) gmeond dh, o 0*
0"
IRBN £ 000 fo! butisduvdn! 6HOnibl suruan! i¢ Soaciun B2 o 0 1% L0002 Avigiinn A

1] AL U - L oL ¢ 1RQr BN 100 IN8 he a1 GUR-A0 870 00" MGt
¢1a' I el ampnoie b L B 109,

| HEREBY CEATIFY that all of the above riatementy made by me sre lrus. compiete. and correct 1o the besi of my
knowledge. in addition, | agres 10 obsiruction matk and-or light the struclure in accordance with established marking &
lighiing slandards if necessary.

(1) Typed Name Tilie o' bersan fang Walitt

Spnatyte

, - R S TP BoF o o ] R N -

PAAboim g0t B4; DO NOT REMOVE CARAONS
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APPENDIX E. PANSAT’S FIRST PRE-SPACE NOTIFICATION

A. SAMPLE COVER SHEET |
Naval Postgraduate School
Space Systems Academic Group

Code SP(72)
Monterey, Ca. 93943

1 May 1990

Federal Communications Comumission
Personal Radio Branch

Rm 5322

1919 M St. Northwest

Washington, DC 29534

ATTN: Mr. John Johnston

Dear Mr. Johnston,

The Navaj Postgraduate School's (NPS) Space Systems Academic Group has de-
signed and is presently constructing a small amateur communications satellite. NPS's
Petite Amateur Navy Satcllite (PANSAT) will provide the amateur community the op-
portunity to work with a spread spectrum communications capability as well as acting
as an on-orbit laboratory for Space Systems students at NPS. PANSAT will also carry
two experimental pavloads. The first will test the performance of solar cells and their
degradation. PANSAT's second experimental payload will involve testing the relatively
new technology of ferroclectric memory. Both experiments could produce valuable data
which could affect the development of future space related hardware. NPS has been in
contact with the Radio Amateur Satellite Corporation (AMSAT) while developing the
communications package on PANSAT.

At this time, \PS wishes to request that the Conunission authorize the operation

of PANSAT into the Amateur Sutellite Service. It is anticipated that PANSAT will be
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launched around 30 Julv 1992. The licensce trustee for this satellite is Mr. Max
Cornell’ KOMC, who holds a valid amateur extra class license, and will be directly in-
volved with the command and control operations of the satellite prior to and after
launch.
The licensee trustee’s name, license address, and station address are as follows:

Address of Operator’s License:

Max A. Cornell' KOMC

Code 62EL N\PS

Monterey, Ca. 93943
Address of Station License:

K6LY

BLDG 205 N\NPS

Monterey, Ca. 93943

In accordance with Part 97.423 of the Commission’s rules, NPS is providing 1'RDB
Advance Publication Information in the format of Appendix 4 of the I'TU Radio Regu-
lations. This information follows this cover letter. This correspondence is intended to
be the [irst pre-space operation notification. The second pre-space operation notifica-
tion will be filed in January 1992. [t would be much appreciated if the Commission

woul'd file the [irst notice with the II'RB on our behall




T

It is requested that vou advise NP'S when the notification is beiug forwarded ta the
IFRB of the International Telecommunications Union. Your attention to this matter
is greatly appreciuted. If there are any questions regarding this matter, please fec! free
to contact me, XXXXXNX XXXXXX, or Daniel Sakoda at NPS Code SP(72), Montercy,
Ca. 93943. The phonc number is (308) 636-2299.

Sincerely,

AXXXXX X XXXXXX
PANSAT design team
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B. INFOKMATION FOR ADVANCE PUBLICATION OF PANSAT AMATEUR
RADIO SATELLITE

Section A: General Information

The administration of the United States of America informs the members of the I'TU
of its intention to authorize the operation of a satellite into the Amateur Satellite Ser-
vice. The Petite Amateur Navy Satellite (PANSAT) will operate in low earth orbit and
provide licensed radio amateurs with the opportunity to work with a spread spectrum

communications capability. The satellite will be licensed by the administration of the

United States of America and is the subject of this Advanced Publication Information.

Section B: Gencral Characteristics to be Furnished for Satellite

1. Identification of Satellite:

PANSAT-OSCAR-(TBD)

2. Date of Initiul Opcration:

30 July 1992

3. Administration Submitting Advance Information:

United States cf America

I'ederal Conununications Comimission

Washington, DC 20534




4. Orbital Information Relating to the Satcllite:

Inclination: 28.4 deg

Period: 94 min

Apogee: 480 km

Perigec: 480 km

Number of satellites with the same characteristics: |

Section C: Characteristics of Satellite System in Earth-to-Space Direction

1. Earth-te-Space Scrvice Area:

United States

2. Clusses of Stations and Nature of Service:

EA, TA, TD, TR, OT, HX, 1. ND

3. Frequency Range:

Centered on 437.25 M1z lor both telecommand and user stations




4. Power Characteristics into the Transmit Antenna:

Maximum Spectral Power Density:

Telecommand: -53 dBw'Hz
User Earth Stations: -50 dBW iz

Typical Antenna Radiation Pattern:

Telecommand............... Beamwidth: Omnidirectional

Polarization: Circular, RHC or LIIC

Amateur Satcllite User....Bcamwidth:  Omnidirectional

Polarization: Circular, RHC or L1IC

3. Characteristics of Space Station Receiving Antenna:

Gain: + 0 JBi, omnidirectional

Polarization: Linecar

6. Noise Temperature of Space Station Receiver:

1000 K

7. Necessary Bandwidih:

Telecommand and User Channels: 1200 1z spread out to | Mlis

s



8. Modulation Characteristics:

BPSK direct sequence spread spectrum
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Section D: Characteristics of Satellite System in Space-to-Earth Direction

1. Space-to-Earth Service Area:

United States

2. Classes of Stations and Nature of Service:

EA, TA, TD, TR, OT, lIX, I, ND

3. Frequency Range:

Centered on 437.25 M1z lor both telecommand and user stations

4. Power Characteristics of Transmission into Antenna:

Maximum Power Spectral Density: -53 dBW/ 112

Minimum Carrier Power: 5 W (7 dBW)

5. Characteristics of Space Station Transmitting Antenna:

Gain: + 3.0 dBiC, Omnidirectional

Polarization: RHC or LHC (Apparent polarization varies with

spacecraflt rotation)

6. Characteristics of Typical Receiving Earth Station:




Total Receiving Noise Temperature: 400 K

Typical Receiving Antenna Radiation Pattern:

Gain: +0 dBi

Pattern: omnidirectional in azimuth

Polarization: linear, vertical

Figure of Merit (G.'T): -26 dB.K

7. Necessary Bandwidth:

1200 Hz spread out to | Mz

8. Modulation Characteristics:

BPSK direct sequence spread spectrum

Section E: Characteristics of Space-to-Space Relays

Not Applicable

Section F: Supplementary Information

None
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APPENDIX F. PANSAT’S SECOND PRE-SPACE NOTIFICATION

A. SAMPLE COVER LETTER
Naval Postgraduate School
Space Systems Academic Group

Code SP(72)
Monterey, Ca. 93943

1 February 1992

Federal Communications Commission
Personal Radio Branch

Rm 5322

1919 M Street \NW

Washington, D.C. 20554

Attn: Mr. John Johnston

Decar Mr. Johnston,

This letter is a follow up on the correspondence sent to you from this organization
dated 1 May 1990. The prior correspondence was the first pre-space notification for
Petitc Amateur Navy Satellite (PANSAT). We thank you and the Commission for filing
the first notice with the 1FRB on our behalf.

The anticipated launch date of 31 July 1992 is still valid. Therc has been a change
in the satellite sponsor, trustec. The new trustee for PANSAT is to be R.W. Adler, who
holds a valid amateur extra class license, and will be directly involved with the command

and control operations of the satellite prior to and after launch. The licensee trustec’s

name, license address, and station address are as follows:



gw‘!& e

St

Address of Operator’s Licensc:
R.W. Adler KKKK
BLDG 205 \PS
Monterey, Ca. 93943
Address of Station License:
K6LY
BLDG 205 \PS
Monterey, Ca. 93943
In accordance with Part 97.423 of the Commission’s rules, NP'S is providing IFRB
Advance Publication Information in the format of Appendix 3 if the ITU Radio Regu-
lations. This information follows this cover letter. This correspondence is intended to
be the second pre-space operation notification. The in-space notification will be filed
within seven days of launch, per the FCC rules. It would be much appreciated if the
Commission would file this second notice with the I'RB on our behalf.
We thank you for vour attention to this matter. Should any questions arise, plcase

contact Daniel Sakoda at NPS Code SI'(72), Montcrey, Ca. 93943. The phone number
is (408) 646-2299.

Sincerely,

XXXXX X XXXXX
PANSAT design team



B. INFORMATION FOR SECOND NOTICE OF ADVANCE PUBLICATION OF
PANSAT

Section A: General Information

The administration of the United States of America informs the members of the ITU

: of its intention to authorize the operation of a satellite into the Amateur Satellite Ser-
:, vice. The Petite Amateur Navy Satellite (PANSAT) will operate in low earth orbit and
: provide licensed amateurs the opportunity to work with a ;pread spectrum communi-
cations capabiiity. This will be the first use of the assigned frequency by this station.
9 This is the second pre-space notification. The first advance notification was published
in the ITU’s weekly circular of XX Month 199X. The satellite will be licensed by the
administration of the United States of America, and is the subject of this Advanced

9 Publication Information.

Section B: Basic Characteristics to Be Furnished in Notices Relating to Frequencies Used

by Earth Stativns for Transmitting

bt

1. Assigned Frequency:

437.25 MHz

2. Assigned Frequency Band:

436.75-437.75 MUz

3. Date of Bringing into Use:

31 July 1992
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4. Identity and Location of the Transmiuing Earth Station:

Naval Postgraduate School, Monterey, California, U.S.A.

3635 N 12155 W

5. Station with which Communication Is to Be Established:

PANSAT-OSCAR-(TBD)

6. Class of Station and Nature of Service:

EA.TA, TD, TR, OT, HX, I, ND

7. Class of Emission, Necessary Bandwidth and Description of Transmission:

Spread Spectrum
437.25 MHz center frequency
1.2 kHz bandwidth sprcad out to 960 kHz

8. Power Characteristics of the Transmission:

0 dbW input to the antenna

-50 dBW/'Hz power density

9. Transmitting Antenna Characterisiics:

123
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(For a typical station)

Gain: 0dB

Beamwidth: omnidirectional

Polarization: circular, RHC or LHC

Altitude: 90 m MSL

10. Modulation Characterisiics:

BPSK direct sequence spread spectrum

11. Regular Hours of Operation:

1500-2400 LTC

12. Coordination:

United States of America

13. Agreements:

Not Applicable

14. Operating Administration or Company:

Federal Communications Commission
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Section C: Basic Characteristics to Be Furnished in Notices Relating to Frequencies to
Be Received by Earth Stations

1.

t

1919 M St. NW
Washington, D.C. 20554
phone: (202) 653-8144

Assigned Frequency:

437.25 MHz

. Assigned F'requency Band:

436.75-437.75 M1z

. Date of Bringing into Use:

31 July 1992

. Identity and Location of the Receiving Earth Station:

Naval Postgraduate School, Monterey, California, U.S.A.

36.35N 121.55W

125

. Station with which Communication Is 10 Be Established:
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PANSAT-OSCAR-(TBD)
6. Class of Station and Nature of Service:
EA, TA, TD, TR, OT, HX, I, ND

7. Class of Emission, “Necessary Bandwidth and Description of the Transmission to Be

Received:

Spread Spectrum
437.25 center frequency

1.2 kHz bandwidth spread out to 960 kHiz
8. Earth Station Receiving Amenna Characteristics:
(For a typical station)
Pattern: omnidirectional
Polarization: linear, vertical

Figure of Merit: -26 dB °K
Altitude: 90 m MSL

9. Noise Temperature, Link Noise Temperature and Transmission Gain:
400 °K, 290 °K and 0 dB, respectively

10. Regular Hours of Opcration:
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1500-2400 UTC

11. Coordination:
United States of America

12. Agreemenis:
Not Applicable

13. Operating Adminisiration or Compan;:
Federal Communications Commission
1919 M St. NW

Washington, D.C. 20554

Section D: Basic Characteristics to Be Furnished in Notices Relating to Frequencies Used

by Space Station: for Transmitting
1. Assigned Frequency:

437.25 MHz

2. Assigned Frequency Band:




436.75-437.75 M1z

. Date of Bringing into Use:

31 July 1992

. Identity of the Space Station:

PANSAT-OSCAR-(TBD)

. Orbital Information:
Inclination: 28.%°
Period: 94 min
Apogee: 480 km

Perigec: 480 km

Number of Satellites in Constellation: |



APPENDIN G. SAMPLE DD FORM 1494

APPLICATION FOR EQUIPMENT
FREQUENCY ALLOCATION

3

JEATTIRATION

OATK Form Approved
OMB No. 0704.0188
c-9
Pageic! Page
|
c~9

1. APPUCATION TITLE

P
2. SYSTEM NOMENCLATURL

C-11

PR——
3. STAGE OF ALLOCATION (s ene

C ) smaae

CONCEPTUAL

b. STAGE 2
(o] EXPERIMENTAL

e sracts

[ a sracea

DEVELOPMIENTAL OPERATIONAL

s ———————r——eT———
4. MREQUINCY RIQUIRIMIENTS
8. FREQUENCY(ILS)

_b. EMISSION DESIGNATOR(S}

C=13, ANNEX G

$. TARGEY STARTING OATE FOR SUBSEQUINT STAGES

8 $TAGE 2

b. STAGE 3

C-13

¢ $TAGE 4

6. EXTENT QF USE

C-13

7. _GIOGRAPHICAL AREA POR

(=18

2. $TAGE 2

b. $TAGE 3

¢ STAGE 4

B. NUMBEN OF UNITS

e
C=15%

a. §TAGE 2

9. NUMBIR OF UNITS OPLRATING SIMULTANIOUSLY IN THL SAMISINVIIDNMINT
Cc-1

b STAGE 3

¢ STAGE 4

10. OTHER )7 13 APPLICATION NUMBER{S) TO B3I 13.13 THERE ANY CPERATIONAL REQUIREMENT AS DESCRIBED IN
& SUPERSEDED )P 12/ THE INSTRUCTIONS POR PARAGRAPH 119
b RELATED U127 c-17 C e ves L'_c—_]b nO T3¢ vavai
~-17
12. NAMES AND TELEPHONE NUMBERS ~_17
a. PROGRAM MANAGER 1) COMMIRCIAL (1) AUTOVON
b. PROJECT ENGINEER 17) COMMERCIAL {2) AUTOVON

T vy T
13. REMARKS

Cc-19

DOWNGRADING INSTRUCTIONS

CLASSIFICATION

DD form 1494, FrB 87
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DD Form 1494 (continued)

PAGE l ) .

. S —

1. MANUFACTURIR'S NAM .
Cc=-21 C-21
3. TRARTITTIR WITALLATIOR. ry %703
’ C~21 C=23
"% YOG AARGT T WiTROD OF TUNING
C=23 C-23
Y. B QURRTGRS GIRLOW L. TSN DITIGNATON )
C=23 ANNEX G
AL LA LT
C=25
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APPENDIX H. SFAF MESSAGE FORMAT AND EXAMPLE

A. SFAF MESSAGE FORMAT FOR SPACE SYSTEMS

INFO TYPE
Heading

Administrative
Data

Enmussion
Characteristics

Date-Time
Information

. -

Organizational
- Information

-

Transmitter
Location Data

Transmitter on
Space Stations

ITEM
Classification
Subject
References
005
010
110
113
114
115
130

130

T a1

14
200

202
207
208

300

i
303
306 (1X4)

34

35
316
a7
318
319
321

DESCRIPTION

A.s Required

Security Classification
Action Type (mod, new, ...) |
Frequencies

Station Class
F'mission Designator
Transmitter Power

Time

Required Date
I xpiration Date
IRAC Record Indicator

Agency

Area FMO Bureau
Operating Unit
User Net Code

State Country

Antenna Location
Antenna Coordinates
Auth. Mileage Radius

Space Delense Center
Object Number
Inclination (*)
Apogee (statute miles)
Perigce (statute miles)
Orbital Period
Number of Satellites
Power Deusity (dhW)

13§




Transmirtter
Equipnient

Transmitter
Antenna Data

Receiver
Location Data

Receivers on
Space Stations

Receiver
Equipment

Recciver
Antenna Data

Space Systems

. L] L] .

340
343
354 (4)

357
358 (4)
359 (4)

360
362
363

400

401
403
406 (5)

414 (2X4)

415 (2%4)
416 (2x4)
417 (2xD
418 (2K
419 (2

440

443

433 (5
455 (9)
457

458 (5)
459 (5)

460
462
463
470 (4)
471 (S)

472

Equipment Nomenclature
Equip Allocation Status
Antenna Name

Antenna Gain

Ant Elevation (ft MSL)
Antenna Fecd Point
Height (ft from ground)
Beamwidth (°)
Orientation
Polarization

State/Country

Antenna Location
Antennu Coordinates
Auth Mileage Radius
(for mobile equipment)

Space Defense Center
Object Number
Inclination (°)
Apogee {statute miles)
Perigee (statute miles)
Orbital Period (hours)
Number of Satellites

Equipment Nomenclature

Equip Allocation Status

Antenna Name
Antenna Nomenclature
Gain (dB)

Ant Elevation (ft MSL)
Antenna Feed Point
Height (ft from ground)
Beamwidth (°)
Orientation

Polarization

Space Station Receiving
Noise Temp. (°K)

Earth Station Receiving
Noise Temp. (°K)
Equiv Satellite Link
Noise Temp. (°K)

136
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RPN

PAp—

\ Vs
Supplementary 502 Description of
Details ' Requircment
Add. Assignment 711 (3) ~ Aeronautical Service
Identifiers ! Range and Height
Additional 801 Coordination
Information Data, Remarks
- 803 Requestor Data

Notc_s:

(1) For mobile earth station only

(2) For non-geostationary satellites

(3) Denote #zK altitude for airborne stations
(4) Earth-to-space only

(5) Space-to-earth only
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B. SAMPLE SFAF FOR AN EARTH-TO-SPACE SYSTEM
UNCLAS

SUBJ: FREQUENCY ASSIGNMENT/NPS PANSAT
005. U

010. N

110. M436-438

113.TT

114. IM00GID

115. W100

130. 1H24

140. 910730

141. 940730

144. Y

200. USN

203. WS

207. NPS

208. 31405

300. CAL

301. MONTEREY

303. 370821N1321039W
306. N'A

314. NONE

315.28.4

316. 480

317. 480

318. 1.52H

319. 1

321. -53

340. XXXXXXXXXX (Need nomenclature for type of radio)
: 343.J1269

j 354. LINEAR

357.0

358. 120

359. 60

360. 360

you

5

¥
r

SR
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362. N\D

363. L.R

400. N A

401. NONGEOS

403. NA

406. N'A

414. NONE

415. 28.7

416. 304

417. 304

418. 1.52H

419. 1

440. XXXXXXXXXXX (need radio nomenclaturc)
443. J1269

454. N'A

455. N A

457. 0

458. N\ A

459. N'A

460. 360

462. ND

463. L R

470. 1000

471. N'A

472. 96

502. EXPERIMENTATION AS AN ON-ORBIT LABORATORY FOR SPACE SYSTEMS
CURRICULA AT \PS

T1IL N'A

801. NAFC/NAFC MSG 021200Z FEB 90
803. JOE GISH, AV 555-5551
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APPENDIX L. SAMPLE FCC FORM 442

Feoeral Commynicatons Commision
Wasningten D €. 20884

APPLICATION FOR NEW OR MODIFIED RAIMO STATION ALTHORIZATION UNDER PART § OF FCC RULES

EXPERDMENTAL RADIO SERVICE IOTHER THAN BROADCAST)

Approvad by OMB

Lapires 12 3190

A Appisaal’s Name and Post Office aduirens OO0 NOT WRITL IN THIS BLOCK
1Qive Hrewl. city, sate. and ZIP Code Set instniciion No )
Fig No
214) Applicanion (51 jcAzeR ORIy ons Boa 3 (01 Fot Modifeatun imdissie teivw
3 New Suuen Z Modificauon of eustng suinorzaten K No Call $iyn
1 Appheation for modificetion indiesls shahye In 1check all Bat appivs
 Freueny C Emusian Z hounr Z Lesation
~ Owar PRIt tdeIcADe Beirm 37 iR ditdcArd FAMAT VO e
4 Parusuinry of Operation (Se imgieucim berow:
Priotag -t LIT TTVV ]}
N nh . MOBULATING BAND® I
wHI LUt AONAL e
. o ¢ [ ) : Y

.t

L

W

oy
1 1
14

- Ll aaqh froquency o frequency bund Mparaie v <1f more 1pace & required. arach & Bxhibd Nt

Insert maumum KB outtul priwer it i transmuitar rermanals Spean unin
Inser naumum ¢ffictive adiated powes fom e antered -1 pu-std eusvien abech pear pwer
Insert "MEAN"" st PEAK -Ses gelinttions n Pen !
Libt 6ach 1y B 0F EMUSHION MDarat1y (O Rach tPequt os chet Seclich 1 201 PCC Ruts
Insert & sppropriaie for Uv tyiw of Masulstun
111 WM manmum spoed of keying A Bau .
131 maumum sudio modulaung frequency
[31 taguancy dRvigtion of carmer
41 puila durauch amd tepsuition ren
For compigt emiMIORS dewnbe in deuil 1N U 1D6ce Drovided beine
Desrior how v necoassn Bandwidth wak daiemmined «n 1pace provided below
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FCC Form 442 (continued)

$i9). Proposed locautn of anamitier and iransmithing aA8ana (Check oniy une Bont

Z MIXED-BASE Z MOMILE S BASE & MOBILE

Ve beiow
City ot Town

id) U mobile, deseribe U gxact Mea of eperalion

Numner and Sreet (ot oiher INGKKRLON Of ladiion!

(€)1 Orographucal convdindies $ANKH 10 Unt nearest bevond (¢} Caograp of U ap weniar of prop
4100 0f OPIrRLON (Mobile APOINALIOAL )
North Latitwe Wel Lonpitude North Laurude Wesl Longiiuie
N . . . . » . . ' f
& 18 4 directional aNRNS 1oiaer ihax recer) uned® o Yu = Ne

if PYRS', give te following information

1) Width of beam in degrens at the hall-pawe? point
™ O i N plane

16) Onentalion in vertical piand ..

b this authonization 1o e used for Alfling the rmquizement of a government conitsct with an sgency of te United Buiey Covernment”
[N R 7Y TN
11 'Yar", atach &8 EXHIBIT NO oo § AAITSIIVE SALEMENT GROEHDING Un JUVEMMEN! Prujcl, Soncy, ANd dOnact Mumbat.

1o thin suthurizesun 1o e usad for ihe daciusive purpose of devaloping redio equipment for eapor W be empioyed by saiiony under the junisdienon
of & {orgign government® Zivey N

I Yaa, shah 8 EXHIBIT No the fllowing inf
(81 The conlract nuniter and the name of ihe foreign guvernmant conerned

15 tnp swthofitanon 10 be uidd for providing communicslions tunual o s resedrck project’ (Tha radw i L the ON)e of e
rmareh prot £ vya N

Yo, anseh & EXHIBIT No . 3 nartaine slaiemdnl providing the follow ing information
18 A descnpion of ine nsture of the testarch prowcl being canduciey

(B A showing that e falities tey are neceriany fut the tavaareh prosi Invnived
€1 A thowing LNl tusting ity dre inadeq

i Al the dRAwery o Derm © ) A0 Y are T Noo pilxh s EXHIBIT Nuo oL 4 narsling slwawal dhribing ih Jelau the fullowing

ta The gompiere DrURrEM Of MEsedIch and e1PRTINM MBtIOR PropuUAEd iNKIUTINE UEWNPLON U1 syuipment snu theury of nperation

(b T specific sbectivis Soughl 1o by scompined

161 How LM proyrem of svperinmnlalion Ran & tvssonahle promyse ot conifibupeh [o the 3¢ 1 -4
madic 471 ot 18 dlong 1ine DL TRy IAVENpRtRC

r or of e

18 Oive af asumatr of (he lengih of brne that will bt rayuired 1o complate tha program of eaperumaniauon proposed ih Uis applcation
01 1 Tewd a3 vears. give the leAgir of ime ih monthe thel U authofitation requesisd In thiy appiicauon will be required

-

Would & Commusion grani oF this application cume within Section | 1307 of e FCC Rules. such that it may have 8 nignificant
AL IroATMALLL jmpect’ ~ya Tl Ne

If you answer yoy wdmul a8 Environmentai assaament requitad by Sacuon | {3t

FIC Porm 447
Poge 2
Fepruary 1987
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FCC Form 442 (continued)

L]
13 Lt delow Irasmuriing squipmint & be wnaalied (1 eapenmenisl. so stai).
MANUFACTURER TvPL NO. OF UNITR
14, U e oquiprannt daed 1A liam |3 cupebie of MaLOn wdeaUNcaLon puriuamt 10 Saction §.182°
O ONe
1S Wil the shanms extend enore than & meiars Gbove the Jround. of If MOUMEd On oA a1sting Building will i xiems move than & meters sbove the
Suileling. o will the prapesad anieens bt MOUMSE OR AR ERAING MNUCIuN UMl thAA & bullding?
OvYe C No
U Yeu, give the following (Se¢ Lnstruetion 9):
(8} Overall height obove ground 10 Up Of SNAM 8 e . PN
(0} Blevation of yround Bt snienna SHE 0bOve AL Me0 HYE( 14 meurs
() Disiance 10 nadrei WreraR Mading stes ¥
() List aay naiirsl formetions of SLUUAD MAsMose MUCRINS (Aills, Irete, wHiT WALD, 1OwRrS. €IC | WACH, IR the opiion of the appincant, would
tend W thuid U snisnas from wreraft and tharsy MInITUe Whe AeroRbuicel MaZArd Of Lhe amenng .
*
'
) Submit ot EXHIBIT No. o _ _ . 3 vericul peofiie Bkeuch of 10tal srvdturt aeluding wpporung Siding, if a7, giving Meightt i muan .
shove ground for all pgmicent leamras. Clearly indicsie enising PorLon, neling pariewiars of Sviahion obiraiion lighung alresdy svaladie

16 Appiscant ¥ (chech enly one bai:

21 ndivssuat 2 AMOCIION 3 Ponnennp £, Corporaucs
2 Owhar idescribe below)

17 b » {oreign o of # forgn governmen * -
- Yu w— Mo

18 Has sppixcam or sAv party 10 hs sppiication had any FCC Mation qcense of permid revoked o had any spplumnon for primut, lcanse ¢ renrw §i
densed by tus Commitpion®

If Yoo, nach m EXHIBIT No

Z Vo T N
. 4 smament giving «oil aign of licknss or premvi revohed andl reisie CircumaBAce

19 Wil sppiscant be owher ang opersior of Mapon® _
= Yo Z No
U Cive mame. (le. snd wiephone muinber (ineludt arms codei of person who con besl handie pures peraining 19 e a9 ialion.

11 List Selow ol exhibeis in aurngncal Mequencs aAd the vem e o form resuing the sahibs wenuled

ANHIRITS AND [T1M YO OF FDEM
Satte Lad Catoam - Lo -
| L .. No w Sum ~ o tew
-
FCC Porm A7
Poge )
Favrupry 1087




FCC Form 442 (continued)

11 CEATIFICATION
ATTENTION: Resd s cemfication careNily balore signing dis splication
THE APPLICANT CERTIPIES THAT

(8) Copies of ihe FCC Rules Pans 3 and § are on hand, and
(9) Adequaie flnancial 4ppropnsiions Mve DeSn Madd (O €arTy ON i program cf eape whieh will be conurrad by gusiifed
and

1€) AUl opersiions will be on oA axperimental basus in secontance with Pan § ond owr appiicable rulas, and will be donducied in Wieh & maanar
and ol sueh o Bme 0o 00 prociuiie harmiv) inerferasce t0 any Milhorikad Malion; and
(d) Orant of the suahonzalion meuesied herein will aot be sonstrued as & finding on t pan of the Communion

(1) el he ond othe? wch spetified in the suthorsalion are Un besl wikid for the propossd program of ea-
perimeniation. and

(2) what the applicant will be autheiized 10 operaie on Sny Basis sther than enpenmental, and

(3 that the Commuasion i obligaiad by the results of the OLPEPIMINI Prograss (0 ke pravision in W rvies ineluding He tab\e of frequency
shiocairons for applicont's type of operatu; O & repuiariy liconsed basiy

APPLICANT CEATIFIES FURTHER THAT:

(€) All e sislumanis 1 the appi'calion sad st axibi are Ve, compitis 3nd cOmant 10 Uhe bedl of the applicant’s knowledge; and

i The spplicant o willing o finance and condurt the aaperumanial program with il knowisdge and undersianding of i above limitions; and

Q) T spplicant waives any ¢laim 10 the use of ary particulsr frequancy or of I electromagnetc IPectrum 5 ARAN the teguisiory power of te USA.
Signed and daiad s ay of [ J—

Name of Appll

rorrespund with name given on puge |)

L)

pan (ngnaiwe

Tuwe . . ——

Check Appropnaie Classification.

WILLFUL FALSE STATEMENTS MADE ON THIS FORM = inteetati Aol
ARE PUNISIABLE BY FINE AND IMPRISONMENT. U.S - Indvadasl Appicant
CODE TITLE 18 SECTION 1001

. Member of Appicant Parraniip

Z Office o' Applicant Comporsion
0 ALOCMUOn

5 Autoruasd Employes

NOTIFICATION TO INDIVIDUALS UNDER PRIVACY ACT OF 1974
AND THE PAPERWORK REDUCTION ACT OF 1980

nformation requesied Uitough Wus form i3 Buthorired b the Communicstions Act of 1934, a8 amended. and specifically by Secton JO8 therain.
The informauan wiil be used by Federal C C wif v Sbuity for wauing sthorisauone i e use of Uwe fre.
QUERCY IPECLAUM Snd Lo alfact Uu provisions of reguisiory MspoRaIbIiI- , rendered et Commisaion by the Act. Informalon Mgquesied by tus
form wili ba svuiabie (0 the Public UNIA otherwise requaned pursy: 0 Section 0 439 of FCC Ruls 4ad Ragulsiions. YOU? respnde u 1¢-
Qired 10 oBARIN this MMOTIEZALOR

THE FOREGOING NOTICE 1S REQUIRED BY THE PRIVACY ACT UF 1974, P L 93.379, DECEMBER )1, 1974. 3 U $.C. 332aien)),
and e Paperwork Reducuon Act of 1900 P L 96411, Decamber L1, 1980 44 U S C 3307

PCC Form 442
Poge 4
Fetrusry 1997
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APPENDIX J. SAMPLE FCC FORM 405

FCC 408 FIOIAML SOMMMCATIONS COMMBSON . ;::i‘i‘:gg?;}&::

APPLICATION FOR RENEWAL OF RADIO STATION LICENSE IN SPECIFIED SERVICES ,
(BPECFED SERVCES - FCC AULLS PARTS &, 21, 21, 23 AND 29) .
READ INSTAUCTIONS ON BACK BEFOAT COMPLETING

YCE USTONLY
FEL STAND PAL CONTROL NMBER FLE NG,
FEE TYPC CONE CALL SGN
PEE AMOUNT AL
© 0. CLABE OF STATON

tONEe O ApBIKanE (! ne NG Wik That SROWNR D urrent IVIAOFEAtION

2. Muing Btreel Adaress or PO, Bon, Cdy, Biste v 2P fode of Appicent

. !
& Phe Noroer 5 Oate lasued

6. Notwre of Service t. Class of $uten
TTRTe o cheget 1ok IO

b7 AUOer DF & 12BNEMIIEr; OF MV MUY CAANGE I & PANGMATEr NGL MIQUTIY § CONGITUSIION SRMNA, WNAICA MIve 200N MISe
nse 1he A1 JODICALON BOvErng 1N S101ON wis (ing:

T R0DIK 70 Il 7¢ hal Dée 3] 0 I €onFol @
CAINGEL N INe JDDICIN'Y rRBION 10 the $18NOR, TVRINCUI PBEPONSDINY, O 1 ™h SRUEITENL BUACIIed 10 b VIPG by the traior:
he' JODHCINI'S MOB! FIGENT BODICHLIN OF repOrI SMBodyNY IR NIOATMION, B Wantiing Deicw, & 10 Ba Contdared 08 & part of
g 20DICH 0N, NG The TUIR Of ING RINOMANID INGFOR CONINNY & Noraby rauilrmed. Nota here any furiner Jxeepiong, my!
#resdy SOvered N gusstion 4.

Fils Ne. De'e

ETrTeion

& ApDICINt wangl oW TWI 1D he uie of ww prteulr frequency or of the Slociromegndt 1peCIPUM a8 I0ANST the reguuatory
Cowsr 31 1ng Unilgg $1010% Bacoute of INe previous use of Ihe BEMM, whether Dy IgEnee Of OIRGrw g requesis & Alaten
WM 1 pctordina wih IR IEPHCEHIOA ADDICIAL 908 that ¥ OEARAL e ) atermi D) AOreo!,

N The uUnderigres. nandudiv g for the spphcant, huraby cortilins that the gisements Mide i thig JODHCIUION e 1TV,
S0mONie g corract 10 the best of the 19ner’s RNOwiedge ane BeIM!, oG ¢ Mads n good failn.

Sae Nome of AppicInt Urult corralpond with hem 1) Tue of appican (If ww)

Spniture Cetgnate Appropriais Ciessifcaion
3 f 3 5 4
OB OMtY DRENUI™ O™ O EBMh
WELLAUL PALSE STATEMENTS MADE ON THIS FORM ARE PUNISHABLE 8Y FINE AND/OR (MPRISONMENT .
Mol CODE. LITLE (0, SECTIGNS 1001,

oo a0t
MAACH 198R




10.

LIST OF REFERENCES

Daniel Sakoda, Computer Graphics of PANSAT, Space Systems Academic Group,
Naval Postgraduate School, Monterey, Ca., 1989.

Martin R. DavidofT, The Satellite Experimenier's Handbook, American Radio Relay
League, 1985.

Brij N. Agrawal, Design of Geosynchronous Spacecraft, Prentice-Hall, Inc., 1986.

Austin Walker Boyd, Jr., Design Considerations for The Orion Satellite: Struciure,
Propulsion, and Attitude Control Subsystems for a Small, General Purpose
Spacecraft, Masters Thesis, Naval Postgraduate School, 1988.

NASA GFSC, Get-Away-Special Paylvads Safety Manuel, National Aeronautics
and Space Administration, 1982,

E. Ring, Rocket Propellant and Pressurization Systems, Prentice Hall, Inc., 1964,

L.B. Holcomb, Sarellite Auxiliary Propulsion Selection Techniques, Appendum to Jet
Propulsion Laboratory Report 32-1508, 1970,

Danicl Sakodu, Naval Posigraduuate Scheol Petite Amateur Navy Satelluc
{PANSAT, , presented during the Jrd A1 nual AIAA. Utah State University Con-
ference on Small Satellites, 1985,

James K. Hiser, Design of a Reliable Computing System for the Petite Amutcur Navy
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